UNCLASSIFIED 
AD  NUMBER 


AD328952 

CLASSIEICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release^  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  18  APR 
1962.  Other  requests  shall  be  referred  to 
National  Aeronautics  and  Space 
Administration^  Washington^  DC  20546. 

AUTHORITY 

NASA  TR  Server  Website;  NASA  TR  Server 
Website 


THIS  PAGE  IS  UNCLASSIEIED 


CONFIDENTIAL 


kepAoduced 
iu  the 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATION 
ARLING1W  12,  VIRGINIA 


CONFIDENTIAL 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  \rtiatsoeverj  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  coiTporatlon,  or  conveying  any  rl^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  Invention  that  may  in  any  way  be  related 
thereto. 


0> 

00 

w 

OO 


Copy  No. 


CONFIDENTIAL  /-) 


FOE  RfiFKRRNCE  ONLY  AT  EACH  OF 


ASTIA  oFyit'ES.  THIS  EErORT  OA  '  ^ 

BE  SA-.  i.  .  A(:T0RILY  EEPRODUCLu, 

DOEb  NOT  FURNISH  COPIES.  ,  Issue  Date:  18  April  1962 


(Unclassified  Title) 

DESIGN  STUDY  OF  A  LARGE  UNCONVENTIONAL  LIQUID 
PROPELLANT  ROCKET  ENGINE  AND  VEHICLE 


Prepared  by 

AEROJET -GENERAL  CORPORATION 
Liquid  Rocket  t^lant 
Sacramento  9,  California 


Final  Report 
Report  No.  LRP  257 


Volume  5:  Advanced  Engine- Vehicle  Integration  Study 
(The  Boeing  Company) 


Contract  NAS  5-1025 


Prepared  for 

OFFICE  OF  LIQUID  ROCKETS 
NASA  HEADQUARTERS 
Code  MLPL  (Mr.  H.  Burlage) 
400  Maryland  Avenue,  S.  W. 
Washington  2  5,  D.  C. 


EXCLUDED  FROM  AUTOMATIC 
REGRADING;  DOD  DIR  5200.10 
DOES  NOT  APPLY 


1-V"  ' 

J 


THIS  DOCUMENT  CONTAINS  INFORMATION  AFFECTING  THE  NATIONAL  DEFENSE  OF  THE  UNITED 
STATES  WITHIN  THE  MEANING  OF  THE  ESPIONAGE  LAWS,  TITLE  18,  U.  S.  C.,  SECTIONS  793  AND 
794.  THE  TRANSMISSION  OR  THE  REVELATION  OF  ITS  CONTENTS  IN  ANY  MANNER  TO  AN 
UNAUTHORIZED  PERSON  IS  PROHIBITED  BY  LAW. 


LIQUID  ROCKIT  PLANT  >  SACRAMENTO,  CALIFORNIA 


THI 

[GENERAL] 

Till 


CONFIDENTIAL 


n 


TBS  BOSIBC  COKPAKT 
ASSO  SPiCS  DIVISION 
SS&mB,  WASBINGTON 


Bocman  K>i2or2 


CONFIDENTIAL 


CONFIDENTIAL 


ZfilBVOHD 

A 

Dlls  docuaent  contains  tha  results  of  airfraae  studies 
conducted  by  the  Boeing  Company  in  fulfillment  of 
Aerojet  General  Corporation  Purchase  Order  A290298, 

The  studies  were  conducted  over  a  period  ending  Aug.  25, 
1961,  in  support  of  Aerojet  General  Corporation  work 
on  Task  I  of  the  NASA  GS-1541  study.  The  Aerojet 
General  Corporation  work  was  conducted  under  NASA  Con¬ 
tract  Number  NAS  5-1025.  As  such,  the  contents  of 
this  document  supplement  that  contained  in  Aerojet 
General  Corporation  Docu.~ent  No  AGC  LRP  2JV. 


NOTICE 

This  document  contains  information  proprietory  to  the 
Boeing  Company.  The  contents  thereof  shall  not  be 
divulged  in  whole  or  in  part  to  other  than  Governmental 
erganlaatioae  and  the  Amrojet  General  Corporation^ 
Liquid  Propellant  Division  without  the  express  written 
dement  of  the  Boeing  Coapan/t  Aero  Speee  Oivieion, 
Seattle,  Washington. 
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1.1 


Mon 


Nl 


nd  foimt  ob4««tiT«  of  tho  omdjr  oororod  ImtoIb  wm  dirootod  to- 


J'-' 

word  dotoxuialBf.tho  offooto  of^Toaood  oaflno  dooiip  oonooptOjOB 
tte  ooot  porforaonoo  poroaotor  (dolloxs  por  pound  of  payload)  of  a 

foptaaaia 


total  airbomo  rohiolo  and  (round  aupport  ajroton. 

p  1 1 1  ^ 

woo  plaood  on  uao  of  o^|9«AiV4IF  pounds  aoa  loval  foroa  daflfotlon 

(f-9)  iiiihii  iijiiiijLllip  ■^l■■b■^^^l■ilarWlHT  iiUpi  i1mi1i|ii1 


basio  Tohlola  oonflguratlonsi - 


This  an(lna  was  uaod  in  two 


k  two  ataga  rahlola  with  a  thrust  to  waigbt  ratio 
(»AJ  ^  1.1  and  uain(  tha  7-D  angina  in  both  atagaa  oparating 
at  1000  pai^  (JUvif  ^ 


M  singla-ataga- to -orbit  vahiela  with  a 

and  using  ono  F-9  angina  oparatlng  at  Po  f  }000  pai. 


1.  4 


taphasis  was  plaoad  on  tha  angina  installation,  tha  angina  influanoa 
on  oonnaoting  subayataas,  .md  tha  angina  oounting  atruotura.  'Tiio  — 
pirfniairii  ir-^  -  — * 

■uppWr'iytwr^pwfa-dWTwftwpwd.j.  Tbaaa  data  wwra 

ball  trna  an^aaa  gf  ti^H  —  “  >■■■■■» 

^ro^vnnrr.  ihia 


aoooaplishod  on 

tho  basis  of  ocaparatiTO  ooot  parfonanoo  iaol^lag  prodiotod  ralia- 
bili^  offooto  for  launob  ratoo  of  2)1  100  Oi^  400  orar  a  six  poor 
porlod. 
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^nt* 

Conventteq^  tankage  arrangementa  ualng  lui  a 

wars  aaed^foa  M^Sbatgaa.  The  deaign  im 

waaJiaaecraroTiad  "iiiii'il  laliiil"  i  i  II  in  In  with  neutral 

In  addition,  prelimimry  investigations  were  made  to  determine  the 
potential  performance  of  the  Model  902 -It  (single  stage)  when  operating 
aa  a  two-stage  vehicle 

The  payload  and  cost  performance  of  the  study  vehicle  systems  were 
found  to  be  as  follo-.;s: 


EIDINi 


COST  perfor:-ia!:ce  - 

UUNCH  HATE 


VEHICLE 

TYPE 

prcpellai;t 

PAILl-VD 

25/6  yrs 

100/6  yTS 

I4OO/6  yrs 

902-1 
(2  stage 
Baseline ) 

Bell 

?c*1000  psi 

LO2/LH2 

129,900 

;)66i 

5155 

2  67 

902-2 

(2  Stage 
Baseline) 

Bell 

Pc*1000  psi 

LO2/HP-1 

59,700 

^122U 

5287 

$126 

902-3 
(2  Stage) 

F-D 

Pc “1000  psi 

LO2/LH2 

13J4,liOO 

5618 

Vli45 

$  62 

902-J* 

(1  Stage) 

TAo*l-ii 

F-B 

Pc*3000  psi 

102/1^2 

U3,200 

5)i98 

5125 

$  5ii 

902-U 
(2  SUge) 

Pc-3000  psi 

LO2/LH2 

1)43,600 

«• 

«• 

an 

•  iBclodea  oatiaated  cumulative  system  nliablUty. 
4M  902-IU  not  ooated  due  to  time  limitation* 


ea  4m  im  wm  a«c  imi  r<Na 


CONFIDENTIAL 


D2»»12072  V 

oaot  2  ' 


Caot. 

Bm  abot*  raflcets  a  6.^  to  24'*  9^  cost  parfoiwaao*  gala  tor  tha 
aahlela  using  the  advanced  F-D  engines  and  LO^/L^  propellaats.  Bils 
is  attributed  prlaarlly  to  the  eetiaated  higher  perforaance  and  the  ec 
patible  thrust  structure  installation  features  offered  by  the  F>D 
engine.  Froa  the  standpoint  of  the  airfraae  and  the  supporting  sye- 
taa,  DO  aajor  problea  areas  were  detemlned  that  would  influence 
decisions  regarding  future  consideration  of  the  F-D  engine. 


RBCOIMEIIDATIOIIS 

Zt  is  recoanended  that  the  potential  of  the  Model  902-k  single-stage 
to  orbit  vehicle,  or  variations  thereof,  be  evaluated  aore  thoroughly. 
Froa  the  quantitative  standpoint,  this  configuration  offers  good 
eoaparative  cost  performance.  In  addition,  it  offers  very  desirable 
"no- fallout  during  launch"  characteristics.  Further,  the  use  of  this 
basic  vehicle  with  other  programmed  upper  stages  should  provide  an 
eeonoalcal  aethod  of  achieving  versatility. 


It  is  further  recoanended  that  the  practice  of  considering  potential 
vehicles  in  parallel  with  investigation  of  future  engine  designs,  be 
ooatlnued.  The  more  significant  interface  probleas  can  be  established 
and  resolved  early,  thereby  reducing  potential  redesign  requireaents 
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2.0  STTOT  OBJEgTiyES 

Th«  prla*  objaetira  of  this  stodj  ««•  to  dotoxaino  tho  roIotlTO  Mrlto 
of  odronood  oaglno  ooaeopto  ovor  ooBnaHoaol  ongliM  dool^i  whoxo  tho 
oaginoo  aro  oonsidorod  ao  an  olomont  of  tho  total  Tohiclo  and  support¬ 
ing  systoa.  ^ho  priaaxy  ooaparlson  was  to  bo  baood  on  tho  not  offoot 
of  dollars  per  pound  of  payload  In  a  300  n.  ai.  orbit  as  Influoncod 
by  Bosoaroh  and  Borolopaent  and  hardware  oosts  and  tbs  reliability 
and  porfomance  of  the  resulting  total  rehicles.  This  objective  was 
to  be  pursued  oonsiderin^  both  the  convontional  and  advanced  engines 
tdien  used  with  noainally  conventional  airframe  design. 

A  secondary  objective  was  to  provide  a  conceptual  review  of  potential 
advanced  engine  concepts  when  used  with  conceptual  nonconventional 
airframe  designs. 
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3.0  nraoDDCTioi 

3.1  onmAL 

two-told  bonoflts  or*  dorlTed  bjr  analyzlo^  potontlal  now  tnciao  eon- 
etpte  In  parallel  with  applicable  airframes,  as  was  dons  on  a  prs- 
llaioaxy  basis  in  this  program. 

The  true  net  effect  of  the  engine  on  total  system  (I/#)  cost 
parameter  is  more  erldent  than  when  tbs  engine  only  is  considered. 
Important  interfaces  exist  between  the  engine  and  the  airframe, 
that  can  be  studied  to  the  mutual  design  benefit  of  both. 

Many  potential  design  penalties  can,  thereby,  be  circumvented 
by  considering  the  design  of  both  early,  rather  than  waiting  and 
Baking  the  airframe  "line"  with  a  frozen  engine  design. 

3.2  STUDY  APPROACH 

To  meet  the  major  objective  of  the  study,  as  noted  in  Section  2.0, 

the  following  preliminary  analytical  and  design  efforts  were  completed} 

Two  conventional  two-stage  vehicles  were  developed.  These  used 
6 

2.0  z  10  pound  sea-level  thrust  bell  type  engines  on  the  first 
stage  and  optimized  upper  staging.  The  first  used  liquid  oxygen 
(LO^)  and  liquid  hydrogen  (Ul2)l  the  second  LO^  sad  BF-1  fUsl 
in  both  stages.  Costs  of  these  vehicles  for  production  rates  of 
23,  100,  and  400  over  a  six  year  period,  their  supporting  system 
and  the  required  research  and  development  were  detsminsd.  This 
was  accomplished  on  the  basis  of  I/#  using  prsdioted  vahiels  pay- 
load  performanoe,  and  was  used  as  the  baselins  to  which  similar 
data  for  vahicles  using  advanced  anginea  was  compared. 
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la  oooptration  with  Aarojet  Ganaral  aevaral  adranoed  angina  oon> 
oapta  davalopad  by  Aarojat  war«  ravlawad  from  the  standpoint  of 
pradlotad  walght^  parfoxnanoa,  coat,  rallabllltyf  and  Installa¬ 
tion  ohareotarlstloa.  Tha  anginas  oonsldarad  and  applicable 
oharaotarlstlos  are  shown  by  table  8.1.  Mora  detailed  Infoiv 
nation  la  proTldad  In  Aerojet  General  Document  reference  1^.3« 

The  Aerojet  Oaneral  force  deflecxion  engine  (P-D)  was  eelected 
for  prallmlnazy  design  Into  a  two-stage  and  a  single-stage  to 
orbit  rahlola.  Both  Tshlolas  used  LO^Ah^  propsllants.  Tha 
7-D  angina  used  on  tha  two  stage  vehicle  operated  at  a  1000 
pal,  while  tha  single  stage  used  a  3000  psl. 

Several  design  approaches  for  installation  of  tha  advanced  P-D 
angina  wars  developed.  These  were  analyzed  and  the  best  from 
the  standpoint  of  the  engine  and  vehicle  was  chosed  for  weight, 
connecting  subsystem  and  performance  analysis. 

Oost  data  was  developed  for  both  advanced  vehlolee  using  the 
7-D  engines.  This  provided  a  basis  for  comparison  with  the 
conventional  baesllna  vehicles. 

Potential  advanced  vehlAle  concepts  were  developed  to  a  limited 
degree.  Various  non-conventlonal  vehicle  arrangements  using 
non-conventlonal  engines  were  reviewed  primarily  from  a  qualita¬ 
tive  standpoint. 

It  WM  desirable  to  eonosntrate  on  the  advanced  engine-vehicle  aspect 


3.2 


Coat 


of  tho  studj.  To  ocnlaT*  this,  data  dorolopod  prorloutly  bj  Boolxt^ 
undor  Air  Pore*  Contract  AP  04(61l)-5970  "Adraneod  Propuloioi^  Sjrotom 
(aPS)  Study  wer«  relied  upon  for  nich  of  the  eonrtntional  baaellno 
Tohlclo  work.  Results  of  that  work  are  coatalned  in  reftreneo  132. 

To  achieve  good  couiparative  data,  the  advanced  engine-vehicles  portion 
was  also  analyzed  to  the  same  assumptions  and  ground  zules  as  the 
APS  and  baseline  vehieie  studies.  The  perfonaance  and  cost  anal 
included  herein  shoMlJ  be  considered  as  applicable  to  the  vehicles 
also  covered  herein-  Such  data  when  used  for  comparison  with  other 
studies  must  be  corrected  where  the  effect  of  different  ground  lules 
would  be  signif 
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4.0  STOOT  VBHIGLE  GON?I&URATIONS 

4.1  OBVEBAL 

4  eomparlscn  of  the  physical  size  of  the  four  englne-Tehlels  eon- 
flguratloua  that  were  developed  during  this  study  is  ehoim  by 
figure  4.1.  These  are  essentially  conventional  airframe  arrangements, 
to  which  two  types  of  engine  (Bell  and  Force  Deflection)  were 
applied.  Other,  non-conventional  airframe  arrangements  with  various 
engine  types  were  considered  briefly  and  are  discussed  in  Section 
14.0,  "Unconventional  Arrangements". 

Baeic  criteria  that  influenced  development  of  the  study  configurations 
are  as  follows: 

A.  Mission  -  300  li.M:  orbit  -  Easterly  launch  at  Cape  Canaveral 

B.  First  Stage  Thrust  -  2  x  10^  pound  (Sea  Level) 

C.  Man  Eated 

D.  Neutral  Stability  Required 

S.  Self  supporting  on  the  launch  pad,  including  condition  with 
bottom  tanic  empty  and  unpressurized  with  upper  tanlcs  full. 

The  performance,  structural  and  subsystem  criteria,  weights  and  com¬ 
parative  economic  analysie  of  the  vehicles  and  support  systems  are 
covered  in  separate  sections.  Ceneral  vehicle  configuration  description! 
are  presented  in  the  following  paragraphs. 


4.2  BASELINB  VEHICLE  (MODEL  902-1 ) 

The  general  arrangement  and  principal  design  criteria  for  model  902-1 
are  shown  by  figure  4.2.  Model  902-1  is  conventional  in  oonespt. 

It  was  used  directly  to  establish  a  factor  for  relating  this  report 
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DESIGN  CRITERIA 
1ST  st/:vge:  end  stage: 


VbO  =  10;000 
V  *  .34.5 

F/W  »  l.l 
Wo  ^  1,647,600 

F  *  2,032 ,400(^5.L) 
Wf  ‘  1,295,  2  00 
Wuoj  -  1,110^200 

WuHt  »  195,000 

W%o  =  552,400 
W»TCi*=  fj  370,600 
X  s  .701 


25,2GO 

.340 

l.l 

477,000 
531,  I  00(y/AC) 
326;  300 

279.700 
46^600 

G 

150.700 
347,  roo 


PAYLOAD 
Wr  129^300 
P-  \5V 
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4*2  Oont. 

to  work  fxoa  prorlouo  Booing  otudloa  (rofortnoo  19.2)*  Zn  (onoimly 
ttao  Tohlelo  io  of  aluainua  ■•ml-aonoeoquo  oonatruotloa.  Oimbollod 
boll  noKxle  onglnos  of  2,032,400  and  931,100  pounds  thrust  are  ussd 
On  the  first  and  second  stages  respeetiTsly.  The  engines  cure  supportod 
by  the  conical  tank  ends.  Interstage  structure  is  conventional, 
separation  being  acconplished  by  a  shaped  explosive  charge.  Auxiliary 
power  and  guidance  conponents  are  carried  in  the  second  stage  or  pay- 
load  area  depending  on  the  mission.  Cimball  deflection  can  be  aceonw 
plished  by  a  hot  gas  servo  control  system.  Electrical  power  is 
supplied  by  batteries.  Location  of  the  LO^  tanks  ahead  of  th^  LHg 
tanks  aids  control,  and  neutral  stability  is  achieved  during  boost  by 
a  small  degree  of  flare  in  the  vehicle  base  skirt.  This  structure 
also  serves  to  support  tr.e  vehicle  on  the  launching  pad.  Upper  tank 
ends  are  .75  to  1  hemi-ellipsoids.  Propellant  tank  septuns  are  hemis¬ 
pherical. 

4.3  BASELINE  LOj/RP-l  VS-ilCLE  (;:ODSL  902-2) 

In  general,  the  description  under  4.2  above  applied  to  the  Model  902-2 
vehicle  also.  Exceptions  are:  the  propellant,  which  is  LO^/KP-I, 
and  the  second  stage  thrust,  which  is  320,000  pounds.  The  gsnsral 
srrangeaent  and  principal  design  criteria  are  shown  by  figure  4*9* 


4.4  UNCONVENTIONAL  ENGINE  ^^^2  STAGE)  (iDDEL  902-3) 

For  comparison  of  engine  efficiencies,  an  Aerojet  General  engine  of 
2,000,000  pounds  thrust  utilizing  the  Fores  Doflsction  (F-D)  oonospt 
was  applied  to  a  vehicle  similar  to  Model  902-1,  but  with  propellant 
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ZND  STAGE 

,  PAVUOAi 

^B.o 

1  ipoo 

Z5,ZGO 

■A/  =  59,6 

;s' 

.85G 
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P  =  \  S  »/ 

r/w  - 

1.1 

LI 

Wo 

1,818, ZOO 

30(^500 

Wp 

l>50,900 
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quantltlta  optimized  for  the  F-D  engine.  4  genenl  arrangemeiit  of 
the  vehicle.  Model  902-3,  is  shown  by  figure  4«4«  Principal  design 
criteria  are  also  included. 

4.5  SINGLE  STAGE  TO  ORBIT  VEHICLE  (MODEL  902-4) 

A  promialng  application  of  the  Force  Deflection  (P-D)  engine  is  on 
a  single  stage  vehicle  capable  of  fulfilling  the  design  mission. 

Model  902-4  ia  a  conventionally  arranged  vehicle  in  this  category  and 
is  shown  in  figure  4.5  together  with  principal  design  criteria.  Con¬ 
struction  is  essentially  similar  to  the  first  stage  of  the  Model  902-3. 
The  same  2,000,000  pound  thrust  P-D  engine  is  used,  except  that  chamber 
pressure  is  incre  sed  to  30'0'D  psi.  Propellant  requirements  for  the 
Model  902-4  vehicle  allows  a  tank  diameter  of  270  inches  with  a  relative* 
ly  short  vehicle  overall  height.  This  peTiits  the  engine  skirt  to 
provide  the  base  flare  required  for  neutral  stability  during  atmos¬ 
pheric  flight.  Support  on  the  launch  pad  Is  achieved  by  ground  pad 
•tructare  extending  upward  inside  the  nozzle  and  through  the  air  vents 
•ufflciently  to  engage  the  vehicle  engine  support  structure,  lateral 
etability  on  the  launch  pad  is  augmented  by  three  retractable  coa- 
preeelon  oembere  engaging  eocketsnear  the  vehicle  center  of  preesure 
to  form  a  trlpod-like  support. 
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5,0  PERTORMAHCS 

5.1  KISSIOH  AHD  APPROACH 

o 

Parforaance  analysis  for  all  Tshiclea  was  based  on  a  300  n.  nl.  elr> 
oular  orbit  with  an  easterly  launch  from  Cape  Canaveral.  Performance 
ealoulations  were  conducted  usin^  IBM  trajectory  data  with  the  follow¬ 
ing  characteristics: 

1.  Tertical  launch 

2.  Tilt  at  V  -  400  fps 

3.  Gravity  turn  during  the  first  stage 

4.  Thrust  vectoring  d-ring  the  second  stage  to  achieve  constant 
angle  of  attack. 

For  all  two-stage  vehicles  tr.s  first  stage  thrust  to  launch  weight 

1  ratio,  T/w  ,,  was  established  at  1.1.  Second  stage  thrust  to  weight 

I  ol 

I 

ratio  was  also  established  at  1.1.  Both  are  based  on  cost  optimiza¬ 
tion  trade  st.i.es  coniuoted  at  -^oeing  as  discussed  in  reference  15.2. 

I  5.2 


For  all  two-3t.,;;e  venioles,  tr.e  stiging  velocity  for  a  given  combina¬ 
tion  of  A\  and  was  taken  as  that  first  stage  burnout  velocity 

which  maximized  the  payload/i  runch  weight  rativ .  otaging  velocity 
was  found  relatively  unaffected  oy  the  choice  of  A!  |  and  A'^ within 
tbs  rang*  of  0.50  to  0.9*+.  'ig.  5«1  shows  curves  giving  payload/ 
launchwight  vs.  burnout  velocity  for  Model  902-2  (baseline  LO^/RP 
vehicle)  using  eeveral  comoin-ations  of  AJ  i  and  A',  , 

« 

A  Staging  velocity  of  11,000  fps  was  established  as  valid  for 

all  A  ^  oombinations  for  this  vehicle.  Maximum  deviation  of  W  ,/V 

px  0 

vlthim  the  outlined  area  of  Fig.  5*1  for  ^B1  •  11,000  ft/see  was  oal/ 
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5.2  Cont. 

1,55{,  fig,  5,1  also  shows  ourrss  for  ooBbiastloas  of  (A|-  A'J*  Tkls 
parsBStsr  romains  unchaagsd  for  (A'|«»9T  At  A^»  •92tA|a  •95 
•9^»'^i“  *956  *  Ai  -  .9^)  and  the  ourwes  are  displaced  nearly  rer- 
tically  fro*  each  orner.  This  leaves  the  staging  velocity  virtually 
unchanged.  The  final  weight  analysis  of  Model  902-2  established  A 
nilues  of  .956  for  A 'and  .9^  forA^.  ^  similar  staging  analysis 
was  performed  on  Model  902-1  and  Model  902-3.  The  results  are  sua- 
sarized  cn  Figure  5.2. 

I  5*5  wT  vjO 

I 

!  ihe  prooleia  o;’  eizin.-  on=  ain.jle  st^ge  to  orbit  vehicle  differs  from 

the  two  3 1 tge  ,iere  it  is  desireable  to  provide  a  proper  balance 

betwj-.T.  payloid  c  ..  ...lity  ■J'.i  the  cost  sensitive  inert  ind  propellant 
wei.-hto.  Ihis  w  ..  :  .ni  to  be  ^  function  of  the  tnr-st  launch  weight 
iT''  •  wit',  i"..'  ;  .r.iti  n  E»te  on  -n-.*  o-isis  of  the  maximum 

(  payloil  for  the  1-  t  cost. 


Curves  show  in.*  -tt  oi  tnrust  launch  weight  propellant 

wei.T.t  ui'i  tn 5  w-; .  ‘ -t  c  .mcut/ 1  aanch  wei.  nt  (*  fl</  •^)  for  Model 
90i:-^^  ^sinv'l  '  3t.:'  ir-j  .-iven  in  figure  5»3»  This  data  was  generated 

froo  IBM  Single  sv-  :ri  ectcriea.  It  is  seen  for  the  fixed  2  x  19^ 
sea  level  tnrus:,  •....•  pr. cost  item  decreases  rapidly  while 
tlia  whicn  gi/ew  a  measure  of  the  inert  weight  eost  faetort 

levels  off  at  the  oigher  T/i^^  values.  This  would  Infsr  that  lower 
ggfte  would  be  involved  at  higher  than  |Mr  a  two  et-tge  case* 
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Coat. 


Hm  abov^*  la  borne  out  by  Figure  ^.k  which  ejchlblta  the  effeet  of 
thrunx/launcb  veigtit  (T/W^)  oa  payload  aad  payload/stagt  wci^t 
(PL/w^).  Payload  v;,r.  re  .and  to  be  the  greatest  for  aaall  values  of 
T/Wq,  aivi  decreases  rapidly  with  Inereaslag  T/w^.  Proa  a  cost  per- 
foniiunce  staaipoiti'a  desirable.  Figure  5***  also  shows, 

howviver,  that  the  jiayioady'weight  of  stage  (PL/W^)  Is  a  ■axiouin  at 

T/Wo  ' 

5.U  VEHICL2  CCMPAHISCN 

Table  5*2  coopares  models  902-1,  902-2,  aad  902-3*  Two-stage  vehicle 
weights,  engine  data,  and  staging  data  are  presented.  A  eoaparlsoa 
of  the  single  stag-  vehicle,  nodel  902-4  and  the  Model  902-1  LO2/LH2 
baseline  vehicle  Is  given  In  Figure  5* 5* 

From  Figure  5*2  It  can  hi  seen  taat  a  3*5^  payload  advantage  is 
indicated  for  the  ^2-3  two  stage  ve  Icle  using  the  advanced 

F-D  engine  over  the  Model  902-1  conventional  baseline  design.  This 
Is  attributed  to  totn  higher  specific  inpulie  of  the  first  stage  F-D 
engine  and  the  better  installation  features  as  affecting  structural 
weight. 

Cooparlson  of  the  single  stage  Model  902-4  vehicle  to  the  Model 
902-1  design  by  reference  to  Figure  9.3  shows  s  net  reduction  of  fron 
to  29^  fron  tbe  standpoint  of  perforaaaee  aloes.  As  notad 
prtwlously,  however,  evaluation  of  costa  as  oowersd  in  ths  leonoaie 
AmI/sIs  asetloe  of  this  report  auat  be  eonaidarsd  before  coaelvsioos 
we  ixam. 
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MODELS 

PZCORS  3*3 

902-1  and  902-4  COMPARISON 

Model 

M^LHg 

902-1 

Baseline 

MDdel  902-4 

Single  Stage 

Advanced  Bngl^ 

3t&ge  1 

Stage  2 

T/W^-  1.1 

T/w^»  1.8  •! 

Thrust  (ih) 

2,032,400 

524,700 

2,000,000 

2,000,000 

Prop.  Wt.  (lb) 

1,295,200 

326,300 

1,585,000 

955,000 

T/Wo 

1.1 

1.1 

- 

- 

.945 

.940 

.9474 

.937 

V“o 

.701 

.684 

.8816 

1 

.8594 

•  (fp.) 

t 

10,000 

25,260 

2>,260 

25,260 

1 

'  I,  (•«=) 

3^5  (S.L.) 

426  (Vac) 

388  (S.L.) 

. 

368  (S.L.) 

€ 

20 

40 

230 

1 

1 

230 

% 

1,000 

1,000 

3,000 

3,000 

PL  (Ifc) 

129,900 

125,000 

19«,000 
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5,5  MODEL  902-h  -  ALTERNATE  USE 

To  datomliw  the  perfonaanea  potantlal  of  tha  singla  ataga  Modal 
for  naa  as  ths  booster  of  a  two  stage  Tehicla*  a  lijidtad  study 
considering  application  of  possible  upper  stages  was  conducted* 

In  this  study  1*2  to  2.0  T/Wq  versions  of  the  Model  902-U  vehicle 
were  modified  by  addition  of  estimated  upper  stage  plus  payloads 
weights  to  yield  a  T/Aq  of  1.1  for  the  resulting  two  stage  vehicles. 
The  resulting  payloads  are  s>.c-./n  by  Figure  5.6.  A  significant 
increase  can  be  noted.  After  iterating  with  costing  inputs,  a 
T/rfo  “  l«h  was  selected,  provi,iin.g  a  27, >  increase  in  payload  over 
the  single  stage  902~L.  Tne  twi-  ssage  version  is  designated 
Model  902-.iV. 

It  is  intorestin;  to  no‘,e  tha-.  n.e  addition  of  an  6lf,OCO  pound 
thrust  upper  stage  .. I',..  gu-uc  .s  of  propellants  for  the  T/Wq  ■ 

1.6  version  p-.r-itu  a  lo.:  of  !,•  ,  .is,  .is  upper  stage 
would  ol  w  .h.. .. x-.x'  wO  ...j  u.i* r r — 1 1  w j.i  x.  ...a  ..am  o~xX  stage. 


I  It  is  not  pcssl;!"  i,  ■ ’..e  ti;  .  .  ... 

I 

j  on  th-'  C/d  cost  rara.-.-t.-r,  ...x  :r:. 

I  whether  the  sin;lo  stage  v.-  .lcie  cffi. 

,  characteristics. 


I 

I 
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ALTERltATE  USE  OF  MODEL  902-^ 


Two-«tage  vehicle 

T/Wol 

Wl  (lb) 

BPg  (lb) 

Mcond 

thruat 

Two-atace  vehicle 
payload  (lb) 

(JOO  a.  ml.  orbit) 


1,458,400  1,247,000  1,083,000 

128.300  328,200  492,500 

331,000  6u,ooo  816,000 

136.300  143,600  138,000 


954,600  863,000 
625,200  723,000 
971,000  1,089,000 

129,200  121,100 
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6.0  WEISHTS 

6*1  WEiaHT  ANilLTSIS  MODEL  902-1  THROTXIH  902-% 

T«e  prlaary  objeetlvAs  of  tho  otight  otvdy  portion  of  tho 
progr&a  were: 

(a)  To  daT«lop  sufflclant  weight  data  for  wraluatioa  of 
Twhicla  par fornanca  and  wahlela  cost; 

(b)  To  describe  ayatea  weight  dlffaraaeas  betwaaa  the  ttaa 
of  "cooTeatlonal*'  anginas  and  the  osa  of  "adTancad" 
anginas. 

To  aatlafy  the  first  objective  of  this  study,  the  four  con¬ 
figurations  as  described  in  Section  4.0  ware  analyzed.  Vaight 
data  ji.ieratsi  :':r  siailar  configurations  (Reference  13.2), 

'  where  ap-licable,  was  used  for  study  of  these  configurationa. 

There  wore,  ho.. '-.--•r,  several  differonces  between  the  criteria 

I 

i  used  for  the  Ref-.-rence  study  and  that  :riteria  used  for  this 

I  e*uiy.  The  effsct  of  those  criteria  J..fferences  on  weight 

I  been  Incorpcr t  id. 

1 

i 

I 

The  most  slg-.ifi  c  .nt  criteria  change  affecting  weight  was  that 
aaeociutod  with  tht.-  :*^nned  payload  ground  rxila.  Manned 
criteria  requires  a  foictor  of  safety  of  1.4,  increased  fros 
1.23i  and  also  rei^uires  vehicle  neutral  atabillty  throughout 
thw  flight  trajectory.  To  accoaplisb  neutral  stability  the 
■ora  danse  oxidizer  has  been  placed  above  the  fuel,  and  ■ 
flared  firec  step  &cart  haa  been  added.  The  tank  design 
■ssuaes  that  it  la  self-supporting,  unpressurised  on  the  launch 
pad,  with  no  re6*rlction  on  the  pz*opellaat  loading  sequence. 
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Another  design  difference  uhleb  affects  tank  weight  is  the  taidc 
pressures  which  are  specified  at  a  slightly  hL^r  walus  for  this 
study  than  for  the  pruTlous  Boeing  studied! 

rigure  6*1  proridea  weight  statefflents  of  the  four  basic  Tehlcle 
■odela  as  described  In  Section  1;»0»  Models  902-1^  -2  and  >3  were 
designed  at  a  thrust-to-«eight  ratio  of  l.l.  Model  902-U  Is  shown 
prior  to  cost  Inputs  at  a  thrust-to-veight  ratio  of  1«8  in  this 
figure* 

The  method  of  determining  engine  weight  was  provided  by  the  Aerojet 
General  Corporation*  Engine  weights  for  2  x  10^  lb  thrust  were  speci¬ 
fied  at  15j000  lb.  for  conventional  engines  and  lh>000  lb  for  the 
forced-deflection  engine*  These  engines  have  a  chamber  oress'^e  of 

I 

I 

1000  psi*  The  conventional  engines  had  an  expansion  ratio  of  20 

I 

and  10  for  LG2L-i2  and  Lu2/i^?*l  respectively*  The  forced-deflection 

i 

engine  for^tho  two  stage  vsiiicle  had  an  expansion  ratio  of  1*0*  The 
slngle-stage-to-orbil  engine  had  a  chamber  pressure  of  3000  psi, 
an  expansion  ratio  of  230,  and  was  specified  to  weigh  20,000  lb* 

To  estimate  the  efi’ects  of  size  and  expansion  ratio  on  engine  weight, 
data  from  reference  lb*h  was  utilized* 

It  may  be  noted  that  the  weight  statements  of  Fifure  6*1  may  not  I 

adequately  reflect  discrete  weight  differences  between  systems 
uBlng  the  "forced-deflection"  and  those  using  conventional  ^bell" 
aMtlss*  These  discrete  weight  differences  (as  described 
below)  wera  recogidxcd  to  have  a  aoall  effect  on  the  nasa 
•ffleianey*  Tha  atep  mass  ratio  (  )  walnea  are 
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tttarcfor*  typical  for  tho  eoBfigvratioaa  and  ara  an  adaquata 
Wsis  tor  parforaaaea  and  coat  avaloatloa* 

Vo  satisfy  tha  second  objactira  of  this  study^  wai^ht  aTalna* 
tioBS  wara  aade  of  seTeral  arrangaaeata  of  integrating  con* 
Tontional  'Tiell'*  and  advanced  '*foreed-deflection'*  engines  into 
tha  vehicle  configuration.  The  prioary  components  of  slgni> 
ficant  weight  differences  ara: 

(1)  Aft  tank  bulkhead 

(2)  Thrust  structure 

(3)  Skirt  or  interstage 

(4)  Base  heating  provisions 
(3)  Engine 

Other  weight  differences  will  be  relatively  ainor  and  should 
not  affect  tha  trend  of  -.Taight  differences  or  significantly 
affect  vehicle  cost  or  perforsancs. 

figure  6.2  coopares  these  significant  weight  iteas  for  several 
arrangeaents  of  integrating  conventional  and  advanced  enginea. 
These  dlecrete  weight  differencee  reflect  the  design  differ* 
eases  as  shown  by  the  drawings  in  Ssetion  7*0.  for  sithsr 
sngins  typSf  ths  various  concepts, of  mounting  ths  snginss  to 
sarry  the  thrust  load#  is  ssen  to  havs  only  a  small  offset 
sm  weight.  The  accuracy  of  ssight  sstimatss  im  not  snffieisat 
tm  ladieats  a  dsflaits  eoaelaaion  from  thorns  small  wsifht 
diffsrsaesm. 
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fmr  tiM  firat  atag*  la  aaaa  to  bo  approxiaatoly  4000  lb 
haarlar  than  a  doalga  for  a  foreod-dofloetloa  aosalo* 
ApprozLaatoly  1000  lb  la  dna  to  oaglna  ooight  dlfforoaeoa 
aad  3000  lb  la  attrlbatablo  to  throat  atrueturoi  akirt*  and 
tho  baao  boating  provlalona* 


Tho  ehango  in  porforaanco  la  not  priaarlly  duo  to  ooight 
roductlont  but  rathor«  la  duo  to  angina  loo  altltuda  par- 
foroanca  charactarlatlea*  Howerart  uaa  of  tho  adrancod 
angina  coneapt  for  aacond  ataga  application  aay  algnlfieantly 
laproTo  oahlclo  perfornanca  dua  to  ooight  raductlon.  Thaaa 
ooight  reductions  occur  aa  described  belooi 

(1)  As  eoapared  for  the  first  stage,  thrust  structure  and 
angina  attacLtent  is  lighter; 

(2)  The  ralation  of  nozzle  maxinun  diameter  to  interstage 
diameter  results  In  less  oeight  ol  base  heating  pro- 
Tisions; 

(3)  The  ahorter  forced-deflection  nozzle  results  In  a  shorter 
and  lighter  interstage. 

(4)  The  shorter  interstage  causes  a  reduction  in  first  stop 
banding  loads  ohich  results  in  a  first  stop  tank  oeight 
reduction. 

Figure  6*3  eoaparos  some  of  these  ooight  difforoneos  botooon 
use  of  eonrontlonal  and  adoaneod  engine  designs  for  second 
stage  application.  This  table  is  a  eonparlson  of  signifieantlj 
sffaeted  iteaa  froa  Hodels  902-1  aad  902-3*  These  toe  oehieles 
sere  eptiaiaad  at  different  staging  ratios  aad  henest  pairt  ef 
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382(000 
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450 

400 

Thruat  Structure 

950 

650 

Zateretage  ZZ 

1,850 
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3,900 
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Total  Stage  11 

7,150 

5.450 
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2.150 
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th«  thruat  atnetara  diffaraae*  la  dua  to  throat 

laaal  dlfforaneaa*  Tha  haat  ahlald  aal^t  diffaraaea  la  dua 
to  aasiaa  eoaeapt  and  tha  latorataga  diffaraaea  ia  dua 

to  a  "foread-daflaetioa'*  aoszla  balag  ahertar  than  tha  "ball" 
aogsla*  Aa  additional  aaight  iaeraaant  which  haa  not  baaa 
awalnatad  for  thia  coafiguratioa  ia  posaibla  dua  to  tha 
raaulting  reduction  in  banding  loada  on  tha  firat  atap  tank. 

A  furthar  iaeraaant  eight  accrue  for  soaa  configurations  dua 
to  atabilit;  ralationahipa. 
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6^  PARAKHTRIC  TfiAD£  STUDIES 

1h«  followlQg  paniBBtrlc  might  studies  have  beeo  perfoziaed  in 
support  of  the  configuration  smluation  weight  studies  described 
previously  and  the  thrust  versus  cost  analysis  described  in  the 
economic  evaluation  section* 

6*2*1  Thrust/’.Vejght  P^tio  Single-Stage-To-Orbit  Vehicle  (Model  902-lt) 

The  single-etage-to-orbit  vehicle  was  iterated  and  designed  at  a 
thrust/launch  weight  ratio  of  1*1;  instead  of  1*8*  To  establish 
this  valuej  single-stage  vehicles  were  analysed  at  various  values  of 
thrust-to-wcight  ratio  as  shown  in  Figure  6*li*  The  step  mass  ratio 
(  A*  )*  payload,  and  payload/launch  weight  parameters  are  illustrated 
I  in  Fi.gure  6*5.  A  thriist-to-weight  ratio  of  1*8  is  shown  to  provide 

I  a  maximum  payload/launch  weight  ratio.  Figure  6*5  also  shows  payload/ 

1  inert  weight  This  is  maximum  at  a  T/Wp  of  approximately 

l*li,  and  was  considered  to  be  a  closer  indication  of  economic 

j  efficiency* 

6*2*2  Vehicle  Size  Effects 

Figure  6*6  and  6*7  provide  a  parametric  evaluation  of  a  D02/lii2 
vehicle  at  launch  thrusts  varying  from  0*6  x  10^  to  6.0  x  10^  lb* 

These  data  are  again  based  on  Interpolation  of  Reference  1$*2 
rasults  with  corrections  for  the  design  criteria  differences  as 
discussed  in  Section  6*1* 

Figure  6*7  Indicatee  that  step  asss  ratio  roaaias  essentially 
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•oastaat  vhca  tb«  Tahiel*  sis*  Is  grsstsr  than  s  Isimeh 
thrsst  of  spproxiMt*l7  2  x  10^  lb«  Thoroforot  th*  pay¬ 
load- to«lstmch  soight  ratio  also  rsaaias  osaoatially  ooastaat* 

This  tr«ad  of  constant  mass  ratio  for  larg*  Tohielos  is  soas- 
vhat  contradictory  to  weight  data  which  nay  be  obserrod  ia 
th*  Beference  study.  That  study  indicates  a  reduction 

ia  step  aaas  ratio  as  aiz*  ia  increased.  This  is  4u*  to  th* 
difference  in  engine  concept.  In  the  reference  study  th* 

‘’ping”  engine  was  aui  increasingly  larger  percent  of  propellant 
weight  as  thrust  increased,  causing  the  reduction  in  step 
aass  ratio. 

6.2.3  Tank  Conf j-urati-r. 

A  ground  rule  established  early  in  this  study  was  that  the 
LO^  tank  would  be  placed  above  the  LH2  "oak  to  aid  the 
stability  problem.  A  ctuiy  ■.iiz  subset'; ‘ntly  perforaed  to 
investigate  the  im-licationo  of  roversirg  the  location  of  the 
LOj  and-  LH2  tanks.  Figure  6,8  shows  that  a  tank  weight 
•avlng  of  approximately  ZkOO  lb  nay  be  rc-allzed  with  LOg  below 
the  However,  to  naintain  vehicle  neutral  stability 

approxiauxtely  7000  lb  of  fin  weight  must  be  added.  Other 
weight  differences  such  as  propellant  feed  syeten  are  negligible. 

Raediig  thw  lox  tank  above  the  hydrogen  tank  Is  therefore  aor* 
sptiaua  for  this  configuration  to  provide  neutral  stability. 
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7.0  8THPCTUHE3 

7,1  ZITBOroCTIOI 

ttali  acotlon  presents  the  atruetural  design  studies  oondueted  during 
this  program.  The  various  booster  configurations  are  described  and 
discussed.  The  results  and  conclusions  of  this  study  are  baaed  to  a 
large  extent  on  the  results  of  the  Boeing  study  covered  by  reference 
15.2. 

The  major  structural  design  effort  during  this  program  was  eoneeiw 
trated  on  the  comparison  of  bell  and  forced-deflection  engine  installa¬ 
tions  for  a  first  stage  booster  using  LH^/LO^  propellants.  The  design 
approach  was  to  first  establish  a  baseline  vehicle  and  then  study 
the  various  elementa  such  as  thrust  structure,  interstage  structure, 
and  ground  support  structure  that  are  affected  by  the  differences 
in  the  two  engines. 


The  design  study  indicates  that  the  installation  weight  for  a  forced 

deflection  engine  is  signif icmtly  lighter  than  for  a  bell  engine. 

This  lighter  weight  results  from  the  shorter  length  of  the  thrust 
■< 

structure  and  the  eli-ir.ation  of  engine  glmbaling  requirements  with 
the  forced  deflection  engine.  However,  since  thrust  structure  Is 
only  a  small  fraction  of  total  stage  Inert  weight,  the  weight  saving 
Is  not  significant  from  an  overall  vehicls  performance  standpoint. 

7.2  STRUCTURAL  DESIGN  CRITERIA 

The  criteria  eetublished  for  the  study  are  outlined  below: 


7.2.1  Safety  Factors 

Ultimate  factor  of  safety  •  1.4 
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7.2.2  ground  Support 

fh«  Tohlelo  shall  b«  free  standing  on  ths  launch  pad  without  tank 
prsssurizatlon  and  with  any  combination  of  propellant  tanks  filled. 

7.2.3  ground  Winds 

The  Yehicle  shall  be  capable  of  withstanding  ground  wind  loads  due 
to  a  40  mph  steady  wind  plus  a  20  mph  gust  while  free  standing  on 
the  launch  pad. 

7.3  GEIiERAL  DESCRIPTION 
Baseline  Gonfl?jration 

Figure  4.1  presents  a  layout  of  the  Model  902-1  LO2/I1H2  baseline 
configuration.  The  fuel  and  oxidizer  are  contained  in  a  single  tank 
with  the  oxidizer  located  forward  and  separated  from  the  fuel  by  a 
single  bulkhead.  The  oxidizer  is  located  onvard  to  improve  vehicle 
neutral  stability  and  reduce  the  magnitude  of  the  engine  glmbal 
angles  required  for  control.  The  tank  length  to  diameter  ratio  is 
based  on  results  of  the  reference  15.2  study. 

The  propellant  tanks  are  of  aluminum  construction  with  an  Integrally 
stiffened,  semi-monocoque  cylindrical  shell,  a  ,75  to  1  elliptical 
upper  bulkhead,  and  a  hemispherical  divider  bulkhead.  The  lower 
bulkhead  varies  with  the  type  of  thrust  structure  and  engine.  The 
divider  bulkhead  design  provides  the  required  insulation  between  the 
hydrogen  and  oxygen  portions  of  the  tank  and  is  capable  of  withstand¬ 
ing  a  collapse  preusure.  The  i^&nk  includes  thermal  protection  to 
prevent  exceasive  boiloff  on  the  ground  and  during  flight. 
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An  aluoinum  aenl-aonocoqua  interstage  design  is  used  to  join  the 
first  and  second  stages.  The  ground  support  skirt  and  thrust  struc¬ 
ture  are  of  aluminum  semi-monocoqus  type  construction.  The  ground 
support  skirt  is  skin-stringer  design  with  an  integral  ground  connect¬ 
ing  ring.  These  are  snown  by  Figures  7.4  and  7.5  and  are  applicable 
to  Models  902-1  and  902-2.  The  bell  nozzle  engine  skirt  mounted 
thrust  structure  and  the  force-deflection  engine,  dry  bay,  skirt 
mounted  thrust  structure  are  skin-stringer  construction.  The  head 
mounted  thrust  structure  is  a  wet-bay,  milled  skin  construction  with 
either  integral  milled  frane-atringer  or  waffle  pattern  design. 

7.4  s:fGi;is  LC'JNT  coi?A.ii5c;:s 

Fire  thrust  structure  desigmwere  prepared  for  the  bell  nozzle  and 
forced  deflection  engi-.es.  Figures  7.1  through  7.5  show  proposed 
installations  for  both  engines. 

Three  designs  for  installation  of  the  forced  deflection  engine  are 
shown  by  Figures  7.1  through  7.3  and  would  be  applicable  to  both 
Model  902-3  a-nd  Model  902-4.  T-ifo  additional  designs  for  the  bell 
nozzle  engines  were  made  for  weight  comparison  with  the  forced 
deflection  engine.  These  are  shown  by  Figures  7.4  and  7.5  and  are 
applicable  to  Models  902-1  and  902-2. 

All  configurations  were  designed  with  flared  sklrtB  in  lieu  of  fine 
to  attain  neutral  etability.  The  flared  aklrta  alao  hart  structural 
oapablllty  for  ground  aupport,  thua  proridlng  a  dual  function. 
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Vlcur*  7*1  shows  ths  forced  deflection  engine  mounted  to  the  thrust 
sttuetuTS  at  the  engine  C.P.  This  configuration  has  a  full  length 
flared  skirt  that  serres  the  function  of  prorlding  fin  effect , 
heat  stiiel'd  and  ground  support.  Plgurs  7.2  shows  the  forced  deflec¬ 
tion  engine  installed  as  above;  this  configuration  has  a  short  flared 
skirt  that  ends  on  a  plane  with  the  engine  mounts.  This  skirt  serves 
the  same  functions  as  the  long  skirt  except  a  base  beat  shield  is 
required. 

Figure  7.3  shows  the  forced  deflection  engine  Installed  to  ths  head 
of  the  tank  in  a  wet  bay.  The  engine  pick  up  is  made  on  top  of  ths 
engine  instead  of  at  the  C.P.  The  flared  skirt  is  identical  with 
that  of  Figure  7.2  and  also  requires  a  heat  shield.  Prom  an  overall 
vehicle  standpoint  the  long  flared  skirt  design  (Figure  7.l)  appears 
most  efficient.  Ignoring  weight  effect  on  tne  engine,  all  thrust 
structure  designs  considered  for  the  forced  deflection  engine  appear 
nearly  equal  from  a  weight  standpoint. 

One  bell  nozzle  design  (Figure  7.4)  installed  the  engine  to  ths  tank 
bead  also  using  the  head  for  thrust  structure.  Tbs  second  nozzle 
utilized  a  stiffened  dry  bay  cone  with  a  separate  elliptical  fuel 
tank  head  aa  shown  by  Figure  7.3.  Bell  nozzle  engine  thrust  struc- 
turs  Installation  was  found  to  bs  slightly  hsavltr^  rsfsrencs  sec  6 
wsight  statsment. 

7.3  8TBUCTUBAL  LOilOS 

Basad  on  prsvioua  study  prograaa,  tha  czltieal  loads  for  m  wthlelo 
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•f  thla  tjp*  with  •  bullatl«  payload  oeew  dviac  croud 
oladf  laudi,  or  flrot  otago  bnraoat*  thooo  throo  loadiag 
•oadltloaa  ooro  laToatl^atod  ecaaldoriac  tho  offoeto  of 
— loadot  boadlag  aoaoata,  aad  iatoraal  proootaro* 


Taak  proaaarlaatloa  oaa  •stabllshod  by  propollaat  atillsa- 
tloa  roqulrtaoato  aad  oao  aot  laeroaaod  to  help  carry  desica 
loada* 


SrrZCT  OF  TAirCAOS  iJUUIfGflllSNT 

Voatral  atablUty  la  enhanced  by  loeatlag  the  center  of 
grarlty  as  far  forward  as  poaslble^  Locating  the  LO^  forwud 
tends  to  help  this  situation*  A  weight  trade  study  wasj 
therefore,  conducted  to  deteroine  the  effect  of  propellant 
arrangement  on  stage  Inert  weight*  The  tanlcage  structure 
was  sized  for  both  the  LO^  forward  and  aft  conditions*  The 
LO^  forward  condition  resulted  In  tankage  2400  pounds  beawier 
than  for  the  LO^  aft  condition*  This  weight  Increase  was 
due  to  the  higher  axial  loads  in  the  LB2  tank  walls  with  the 
LO2  forward*  Bowerer,  for  neutral  stability  with  the  LO2  aft 
1200  sq*  ft*  of  fins  are  required  at  a  weight  of  7000  pouds* 
This  fin  requirement  results  in  a  net  stage  inert  weight 
iaarease  of  4600  pouds  with  the  10,  aft* 
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ItO  f^ULaiON 
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foot  ailvmiMad  •iijjtiiti  <:l>ru:al>^<A  war*  atfsliuttad  prior  to  oholoo  of 
ongln*  tip*>  to  ii^  iii.iri  n^r  t'-li4  (cIa  Intosntion  otadf 

contAlmd  tuirrtliu  1'linart  wurd  !.ti«  "i-'L.;’,''  yid''R«vorM  Floo"  (RF) 

•tki  two  viii i I'liij  (>;'  ^ii>i  (fV)  ongpio*  Tho  tvo 

f»0  anglnoa  i;!il7  am  Ii'I'I by  tho  chonbor  proifuro 

('o  •  IWKj  n.u  Py  •«  I'Mi.J  Tiia  nor*  Important  charactoris- 
tlea  of  Uioae  o:s  .n.!;;  ] iol  by  Aorojet  lenoral  Corporation 

an  ahowri  by  Kl^dre  3.L  ^iib  ii  .-.il',-.  mmows  the  eharaetorlatics  of 
tlia  boll  i tMiM  in  .!  ’■  j  on  ilixlol  902»1«  !!oro  datoUod 

ilescrip'.it)!..'!  c*'  ;.n.  r-!  <!■.  in  ■ii--  io'l  in  Aero  Jot  ’eneral 

Corpi  r.'il. u.n  .  I'l  ■  I/’. 

;i)r’)n''r (.1)  -nr"  ■*.!  .'S  1  V  '  ti  e  prellctod  sea  l.?vol  and  vacuus 
sponirj.c  ImpiilMn  to  bo  a},[  r<  ;< uvit'. ly  equal  for  t;;e  aavanced  ongiMS 
wii  in  op-.i  .'i'  i.r ft;  *  1000  psi.  The  min  rili'.’ororco  oppearo  in 


Uia  prodL.'t'-'  Hvi-,Thf'. ,  v/i.orn  t!  ’-D  oni'ine  ahovjs  the  bottor 
charent.’rl' On  t  .t.  ini'ir  It  w  is  ajrcocl  with  Aerojet  Oaneral 


that  Pc-.'iiv;  w. -J.;  n.'r  o  ntivt  ’  <-;•  into^-ution  of  th.e  F-J  engine  during 

this  st^idy'j  tho  Pc  •  lO-'O  psi  .nission  to  be  used  on  a  two  atage 


vehicle  (iiod;.'!  902-3}  with  Uie  Pg  “  30<X)  pai  version  uaed  on  the 
siirjle  sta-e  v  :.>icla  (Ikxlol  Performance  date,  uaed  on  all 
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nma  «  perfonancc  standpoint  the  P<4)  angina  bat  an  advaabagt  ovar 
tha  ball  angina  with  the  same  chamber  i<ra«  That  la«  the  ball 
angina  is  forced  to  use  a  low  area  •  ratio  noasla  because  it  is 
optiffuitly  expanded  at  only  one  design  altitude  and  the  perfomanee 
above  the  design  altitude  mL:>t  be  sacrificed  to  prevent  separation 
at  sea  level*  Thu  F-L  enjin-,-  ca;.  use  a  higher  area  ratio  nozzle  at 
sea  level  becaujo  secaratlcr  i-  pre  .-ented  b,-  the  secondary  air  flow* 
Therefore,  it  has  I'd.  her  perforriar.ce  fron  sea  level  to  altitude* 

The  F-D  engine  appears  to  >iave  a  slight  weight  advantage,  is  shorter 
and  offers  the  advantage  of  using  a  fl::ed  structure  installation 
since  secondarj'  gas  injocticn  rat.or  t;an  ginballing  can  be  used 
for  thrust  vector  control*  TrSs  allows  a  lighter  connecting  struc¬ 
ture  between  engine  and  airfrav.e* 

The  high-pressure  7~Z  engine,  das  t-..-  advantajos  of  better  performance, 
s.-Taller  sine,  an-,  loss  -..-.a:.  cell*  Possible  disadvantages 

include:  higher  tc:  peraour ,s,  ;.lj..  pressure  taroo  punps,  and  longer 
develcpnont  tisit.s. 

Dovalop.aont 

Items  to  be  dovelopeu  on  out.  s.->e  toll  and  F-D  concepts  includs  tha 
turbo  pumps,  especially  on  tie  high  chaiiber  pressure  versions,  and 
tha  thrust  vector  control  :^stc.'n3* 

Fsculiar  to  the  bell  are  the  injector  design  problems  and  flaxlbla 
blch  prassxire  line  connections*  The  F-D  concept  will  raqulra  work 
la  heat  transfer,  jot  lntaraction«  and  aecondujr  airflov  dssifi* 
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1*2  nonmnassm 

D— erlptlon 

••taa  Nodal  9432-1  BoaoUm  (I^AHa  BoU) 

Tho  propoUant  aubs/stea  dlagron  is  ohoim  in  Figuro  8«2«  Both  fuol 
and  ttddixsr  oro  withdrawn  I'ros  natural  8iuq;>8  in  tho  bottom  of  tho 
tanks  and  routed  dlreet!ly  to  tho  onglns  through  pre-valTss  located 
isnedlatelor  upstream  of  the  engine  ginbal  bellows*  Tho  oxidizer 
line  is  routed  througr  the  bgrtirogen  tank  in  a  double^walled  oraeuated 
tube  to  ^vlde  the  most  direct  route  and  to  aid  In  s\ib-coollng  the 
oxidizer*  The  hydrogen  lixs  is  short  and  insulated  to  prevent  air 
liquiflcatlon*  A  stored  gas  helim  system  provides  the  expulsion 
media  for  both  propellants  iurir^  engine  start.  At  engine  starts 
liquid  hydrogen  is  withdravr.  from  the  high  pressure  side  of  the 
turbopump,  vaporized,  heated  and  injected  into  the  hydrogen  tarJc 
ullage  space.  I^rdrogen  gas  pressure  over-rides  the  helium  flow  to 
the  oxidizer  tank,  ullage  presstire  is  ma:^ntained  tiurough  standard 
primazy'  and  secondary  regoators.  A  gas  accumulator  is  installed 
between  the  two  regtilators  to  decouple  the  system  and  prevent  hunting* 


The  hollum  bottle  la  stored  in  the  hydrogen  tank  for  gas 

storage  volusa  and  bottle  weight*  Staxxlard  fill  and  topping 
eoanootlons,  overpressure  relief,  check,  and  shut-off  valvij^ 
esmplate  the  system* 

B«2a*2  HMML  902-2  BMoUao  (LOg/BP-l-BoU) 

Hm  pimpoUeat  Wbsystom  diagram  le  abeim  la  figuro  6*3*  Fiwl  aid 
driNlaoir  Is  vltldnwii  from  tho  bottom  of  thmlr  roq^ootimo  taidw  mad 
nmtad  dirooUy  to  tho  oagiaos*  The  ■»*'**—  Uao  Im  remtod  througb 
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8,2.2 


«lw  itMl  tank  ia  a  4a<ibla  «aU  avamatad  taba  to  pwaXutla  fuaX  fvaaa- 
lag  and  aaoaaalaa  haat  laak  to  tha  aaddiaar*  A  atavad  gaa  liallaB 
wftibm  preridaa  tha  axpulalea  aadia  9t  both  propoUanta  throo^ioat 
flight*  lha  halliai  aphera  la  atoxad  in  tha  oxidiiar  tank  to  eonaaroa 
and  apaca  through  Ineraased  gas  density*  Tha  eold  gas  is 
heated  in  the  engine  heat  exchanger  before  injection  into  the  pro¬ 
pellant  tanks*  The  gas  accumulatort  fill  and  topping  valves,  over¬ 
pressure  relief,  and  shut-off  valves  perform  the  saae  functions  as 
for  model  902-1* 

Models  902-3  and  -U  Advanced  Ea^ine  (L02/l^2“^^i 
The  pivjpellant  suosycten  diaoiraji  is  identical  fcr  these  tvo  ciodels 
and  is  shown  in  Fi  lure  6*1.*  The  system  is  virti-ally  the  cane  as 
for  nocel  902-1  except  tlxit  the  tell  is  replaced  by  force  ueflcction 
enr'ine.  The  ciajr'..'.  is  nlso  ar.;  Lica’cle  to  the  upper  staje  of  the  —3 
model*  r.-.c  rxst  ci'.rifi'sar  t  ir.-.rcu-cc  by  the  use  of  tha 

fore  e-ic  flee  tier.  ie  incorpcrat.cn  c.f  t.hc  hvurojen  turco- 

pur.p  IrJ.  t  into  M-.c-  iovto.-.,  t.  ue  elamina' in  ;  '-h.t:  usual  fuel 

line  between  taru:  and  enjlre*  Tne  twe  oxidise."  fejd  lines  are 
interconnected  i.\r.  iinteu^  ■  i.ccrca.".  of  t.".e  pro— 'alves  to  allow 
oxidizer  circulaticn,  t;.rc'.i:h  heat  punp  action,  there;  /  nininizing 
chances  for  geyserin.:* 

Tankage  Arrangers  nt 

PTsa  tha  standpoint  of  the  propellant  feed  system,  the  ojddiser  tank 
Aould  bo  placed  forward  of  the  fuel  tank*  This  Is  true  for  both 
tho  eonventional  LOg/liP  and  tha  high  ensrgy  cryocenic  propallanto* 

Xn  tho  lattar  ease  the  greater  density  of  the  LOg  ean  bo  offootirdljr 
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im4  to  oehioTo  •  ltr|0  ligMroulio  hood  ot  tho  tuitepov  ialot 
■notiTIni  tho  LOs  tonk  prootoro  to  bo  xofdbiood  oad  tho  oaridlaor 
tortio  inwji  to  oporoto  ot  o  rolotltolgl’  lorgo  NF8R*  Ss  tho  oooo 
oC  lqrdrogon«  tho  hydroollo  hood  ehonco  li  olaeot  BogUfiblo*  Inoo- 
■uoh  00  lov  Toluto  of  tuitopuap  NF8K  oro  aon  ooolXjr  oohlorod  In  . 
hjfdrogon^  ito  oft  pooltlon  lo  not  sorlouiljr  ponoUiod*  With  tho 
1^2  foivorlf  tho  uaoTollobla  oxLdlzor  li  oontolned  In  tho  food 
Unoo  rothor  thon  oprood  out  ovor  tho  lorgo  tonk  bottoa  thorobj 
roduolng  rofllduol  propollont  weight  ot  burnout* 

Though  loffl  oigniflcontf  the  LO2  tonk  oloo  optlniloaB  In  tho  fozvord 
pooltlon  In  0  LP2/RF  ojrstoa*  This  lo  duo  primorlly  to  tho  ouch 

loifor  Topor  prooouro  of  RP>1  ond  ooeondorllyi  to  tho  grootor 

» 

donolt7  of  IX)2* 

8*2 *3  ProBOurlzotlon  Syataao 

A  nuBber  of  potontlol  opproochoo  to  tho  prooourlzotlon  oystoa  for  o 
lorgo  Tohlclo  oxlot*  Those  aystoms  differ  from  one’  another  on  the 
boalo  of  the  preasurlzing  gaa  used,-  the  goo  source^  gas  teiig>erature 
Inrolvedy  ond  the  renting  system  charocterlstlcs  •  Stored  systemsf 
using  either  hot  or  cold  nitrogen^  holloa  or  ecnbustlon  products  ore 
tho  ocoepted  •stote<^f«tbe-«rt  and  con  be  readily  adopted  to  these 
lorgo  rehlcles*  The  inherent  odrontoges  In  reduced  totol  syetoa 
weight  of  the  hot  goo  systoao  hos«  howorer*  been  long  recognised 
ond  tho  ourrent  trend  Is  in  this  direction*  Ibis  opprooeh  offers 
roslduol  goo  weight* 
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Mtr  advam  •minmmMV  >wdmtni,  >11  iMt-fU  lyrtiit 

ii  aapU  fMOTVM  timaaiflatt  diM  to  gM-Oiinid  hM% 

ul  «h«M  ijcUm  msUfiag  pnptUaat  Mff»r 

MBfltfU  piMmra  ctUftfM  alM*  th«  iu  i«  otodMMlU** 

Oai^tlt*  hmmfr,  wh*i«  a  nail  amouiit  af  ooU  hd.l«  ia 

wad  for  pwaaurlaatloa  aad  as  a  blaakat  or  thomal  barrlar 

aror  tha  propoUant  to  KLAlnlio  boat  tranafor  to  tha  praiaurlslng 
faa  ia  om  approach  to  an  afflelant  and  rallabla  ayataa* 

Tha  praaaura  ayataaa  aalaetad  for  thla  atudy  ara  althar  eonpoalta 
or  alapla  hallua  ayatema  which  raaiilt  in  ayatom  ainpUel^f  mlnlnun 
raaldual  gaa  valghta  with  raaaonabla  ayaten  raliablUty*  Coat^ 
ralatiToly  aavare  gaa  eontalnnent  problema«  and  posaibla  ahortaga  of 
halitn  vara  not  conalderad  in  tha  ehoica  of  tha  preaaurixing  aadla* 

6«2«l(  Davalopmant  Itama 

Thia  atudy  haa  placed  prlnaiy  anphaala  of  tha  aehiaTanent  of  good 
raliablUty  through  a  siapla  realaL'ig  of  currant  ayatejna*  There 
ia  undoubtedly  conalderabla  davelopnent  required  from. the  aheer 
dse  requlreiaenta  of  the  conponent8«  piping^  and  tankage.  However^, 
it  la  believed  that  also  la  the  main  problem  and  therefore  axnenabla 
to  aolutlon  through  application  of  current  technologies*  The  use 
of  the  force-deflection  engine  doea  not  appear  to  owke  these 
prohlena  ary  aore  severe* 

6*2«5  Tank  Baffling 

Iho  tank  baffles  fall  into  four  aaia  typoai  alodt  decoupling*  anti- 
wrtaaK*  naportiag*  aad  in  the  oaae  of  orTogenlea*  aatKeantain* 
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IviMii  «■€  fui  M  iMilag  indlMto  tlud  •OHpumtlTMjr 

ila|S«  vBlgM.taffit -dMl4M  •fXMilT* 

■■gpMiiloa  «f  «Ml  taak  Mllitt  wporUai  mw  toanMU 

f«gr  tlagl*  dMigTM  site  «d«t  U  iwtat  fMnteia  iifMt  duiiag 
a!y«guio  pfvpaLUat  IstdlBg* 

A  Attalltd  aimTtm*  of  tho  rotio  of  Tohlolo  rigid  plteh  froquoaej 
•aA‘  body  boadiag  fxoquoaey  to  doop  mto  olooh  froquoney  la  roqulrod 
to  oatobliah  daflaito  raqulrasants  for  aloah  dteoupliag  bafflaa* 
^atb  0  ditailod  ooalysoa  io,  boyood  tba  aeopo  of  thla  oontroet  and 
«ao  not  eondoetod*  BoMOTorf  poat  'atudlaa  at  Booing  on  aladlar 
Tohielaa  indleata  that  aloah  bafflaa  will  probably  ba  raqulnd  in 
tha  ozidliar  tank  and  poaalbly  aran  in  tha  fual  tank  for  thasa 
atody  wahlelaa. 


8*2*6  Control  Yalwaa 

Control  Talraa  aalaetad  for  tho  baaallna  TOhlela  propallant  oy  stems 
aro  of  the  type  presently  in  use.  Propellant  fill  ralves  and  pre- 
ralTaa  are  alactrieally  eontroUedf  hydraulically  or  pneumatically 
actuated.  Thla  type  ralTo  has  proven  Itself  in  present  LO2  systems. 
Current  design  type  mechanical  quick  disconnect  oouplinga  are  well 
salted  for  use  In  bellum  fill  lines  and  toppii^  oonnections  requlxed 
by  thasa  vehicles. 


waives  associated  with  cryogans  ehould  be  of  the  pUot-inpulae 
to  prevent  valve  frooalng.  Tbeeo  are  presently  used  with 

sa  in  Mg  ayetema. 
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fhMMMPM  Hat  balliiff  offtr  tht  tttmtlTt  ■elntlM 

iirmw  tad  iadaotd  whlilt 

Ntadiai  laadf# 

XI  4aM  bo4  appsw  ttet  lb«  aboit  Itau  vlll  pnMBi  iBMnMuaUbl* 
fMttaM*  Bmj  «131  haTt  to  bo  iarootliotod  la  dotallf  for  apoolflo 
oweiiorotiOBO^  to  groator  doptb  than  pomittod  dorlni  thlj  otodp* 

Ooo  of  oqrogoale  propollaato  latreduoot  tho  phonoaona  of  eiyopuapiagf 
boll^ft  *a>A  loiag  vhieh  aaat  bo  eoatroUod*  In  addition^  liiaula* 
tiaa  ijotoao  auot  ooatrol  otruotnzal  aod  propollant  toaporaturoo* 
motilatiOB  to  Halt  boll-off  will  bo  xoqulrtd  onijr  for  hTdrogoa* 
Inoolatlon  iTOtomo^  ao  woll  aa  otruettual  aatarlala^  auot  bo 
ooapatlblo  with  propoUaaba* 

VaottOB  blankota  vxappod  arooad  aztomal  oiuf aeo  of  tanka  with 
^poolal  fonod  Taoaua  pada  for  tank  haada,  comen  tank  haad  ineladod» 
offoro  ona  aolutlon  to  Inaulatlon  problaa)  howoror^  valght  aad  handling 
pxoblaao  aaj  erorooaa  tha  adrantagoo*  Anothar  approach  la  boodad 
palporathana  fooa  on  latamal  aurfOoo  of  tanka  with  bondad  layar 
of  iqrlar  aoparatlag  foaa  froa  tha  aiyogon*  Llnaa  aaj  bo  ooworod 
with  Ooovaa  blankota-  or  bondad  poljurothano  f ooa» 

iatalO  looot  p—a 

A  potowtial  trado  oadato  botooon  tho  lOo  of  tank  aouatod  boeot 
ipoip  tm  fonilir  tho  propollaato  datoitho  -aaih  toihoponpo  and 
ttio  ooo'Pf  toak'poooaoio  olaoo  for  porfooalai  thia  foaotlaa*.  ■ 
•■■ioMrifwoialMd'doto  ladlaotoo  that  rooBwalTplr  lav  walaaa.of 
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toMpaip  Vn  MB  b*  MhiBftd  «%  a  Mall  iBeraaaa  la,  tarboptap 
2ki  Mia  atadlp  -IF81  Talnaa  of  2  fSX  far  hydrogaot  7«ii  pal 
fW  iKK*  aad  12  pal  for  hardrooaxbOM  vara  «aad*  fiiaaa  vaiuia 
ramltad  ia  xMaoaahla  tank  praaauraa  ebriatlBg  tha  Mad  far  addi- 
tlMal  tuste  aaohlMiy* 

8«2«11  ftaaraaney  Prorlalona 

far  tha  pnrpoaaa  of  thla  atudjr  m  apaolal  aurganey  provlalona  ara 
laeoipeiatad  la  tha  baale  piapaUant  aubayvtaa  axcapt  for  emergency 
dafoal  la  tha  avant  uaaafa  eondltloaa  aadat  la  tha  area  of  the  loaded 
vahiela*  Maiganey  dafual  la  aeeonpliahad  by  tha  onboard  helium 
ayataa  aupplameitted  by  additional  inert  gaa  from  the  ground  based 
dyataa*  Preasurizing  gas  is  forced  into  the  propellant  tank  through 
the  flight  regulators  and  liquid  is  withdrawn  through  the  filling 
connections*  After  liquid  depletion^  inert  gas  continues  to  purge 
tha  tanks* 

8*2*12  Suwnary 

In  general^  there  are  no  major  differences  in  the  propellant  subsystem 
resulting  from  the  use  of  the  force^ief lection  engine  in  lieu  of 
the ooirrentlonal  bell  engine*  Some  secondary  effects  do  exist  as 
follows I 

(a)  Tbs  bsll  engine  studied  employs  engine  glmballing  for  rector 
control  while  the  F-H  engine  employs  gss  injection*  This  is 
osadaoire  to  an  Inbsrsntljr  mors  telisbis  propsUant  food  wjmtm 
-a'r.^tlMnnii  d3AsdM.tdmnMl.tho:  gl^bsIpbaUww* 

(h)  Of  ths  two  bsmis-MglM  stedlsd^  the  prspoUant  Inist  smacmost 
M-tho  bsll  sngimm  Im  mho  smsnsblm  to  a  dljpet  food  Urns  rsut^ 
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•f  .tlH.Kddlser  llnM«  TMa  la  pzvsuMd  to  1^  a  fazistloii  of 
Ijilot  OCTimeaaota  of  ttxo  .portloalar  ooglao  gooaotrioo  misr 
stndlp  rmthor  than  an  laharont  advantago  aosoelatod  with  a 
partieolar  angiaa  t^pe* 

(a)  Tha  propellant  feed  lines  to  the  1»B  engine  tend  to  be  soBcwfaat 
smaller  than  those  to  the  conventional  bell  engines,  due  to 
the  slightly  higher  Igp  values  Inherent  In  an  altitude  compen¬ 
sating  engine  for  first  stage  application*  This  difference 
disappears  on  upper  stage  applications* 
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M  OOBBCL  Btm 

9m  ■■rtwt  pwWwM  Ilf  ite  Madala  9Qiaa  thmiOt  -It  •oafiimtltm 
an  ■*-*'**■'  la  aatvn  aad  an  naaldand  aollMitnlgr  hanla*  llagli 
«i  Uadn  atafi  aaaf iaontlna  aanylai  wwi  pijrlMda  uA 

fljrlai  a  Mto  "g*  tnjaetoyj  to  aa  osbitol  oltitvdo  eC  300  aautioal 
adlof  an  laaelrod*  VtLthout  ipaelal  pxorlaloaff  tho  booitor-payload 
anfedaatioaa  an  uaatablo  aore-dgrBudoaUj  and  ouat  bo  both  attitudo 
atabiUaod  aad  gvddad  along  tho  pnseribod  tnjoetoxy  by  tho  guidaaeo. 
aad  eoatiwl  apatai*  In  thoao  napoota  tho  eontrol  iTatoa  nquln- 
nata  an  Idontloal  to  eurnnt  oparational  Tohlolaa* 

Oonaidantioa  of  aan  ntlng  tho  booator  loada  to  a  requlnaant  for 
prerlalon  of  Mrodynaale  atabllity  in  tho  oront  of  onglna  shut  down. 
Thla  nqnlroaent  la  In  addition  to  thoio  of  pnaant  operational 
nhielaa.  It  nay  bo  net  by  tho  addition  of  fixed  fin  area^  or  by 
000  of  a  flared  akirt«  located  at  the  baae  of  tho  firot  itage  eon* 
figoration*  Both  nethoda  have  been  exualnad.  The  ekirt  nethod  hae 
advantagea  in  prorldlng  a-  aount  to  aupport  tho  booeter  on  the  pad« 
in  allerlatlng  launch  clearance  requlraoenta,  and  in  reducing  air 
loada  lapinging  \qpon  the  Tectored  nocelea.  It  alao  la  siapler  to 
■aka  an  attachaent  to  the  booeter  engine*  Either  atabillzatlon 
■athod  would  be  acceptable  in  fulflUaent  of  the  control  function* 

Slaoo  Inoreaae  of  the  booster  aorodynaale  atabllity  la  acconpanied  by 
a  £Lb  weight  penalty^  a  nirdnal  roquireaaDt  of  neutral  stability  was 
aalsotoi*  Tho  offset  of  nentnl  aorodyninle  stability  la  to  doereaao 
tteoot  wootor  oootrel  roqairoMnta  la  prowidiag  oootrol  syatea 
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whfli  to  mnm%  «wtoU«  taktoUt.  Ttoraat  aaa* 

-torawtoal  ijratoa  Aaiviaf  lafoiMSMto  art  alaeat  to*  mm  Im  aitlMV 

■  * 

MM*  toiMia  tiM  CMtor  af  patal^  bomb  fama>4  fMtoar  tou  tha 
iMtor  af  fMaaura  aklfts  aa  paapaUaat  la  aoBauMi*  tha  Maatar 
atokilito  iMvaMaa  with  ilM  txom  lauMh*  Ihia  la  taalpAtl  to  tba 
ato^  MpaiatioB  pzooaaa  aal  ftirtoar  allariatoa  thruat  Ttotor  ra^ulra- 
MBto  for  jaravlaioB  of  ooBtrol  atiffMaa*  Zt  Aooa  iaoroMO  thruat 
toatar  laflaotlana  for  ooooapliabiac  trajaotorx  aaaauToro.  Suoh 
BaaouTora  aay  bo  azpootod  to  bo  aBoll  la  this  roftao  aad  oa  a  ooaao* 
fBOaoOf  BO  portloulor  problaa  la  foraaooa* 

Slaao  tha  laeluaiOB  of  noatzml  MrodjraaiBlo  atobilltr  tanda  to  raduoo 
thruat  raotor  oontrol  roquiroaaata  balov  that  roquirod  for  laaa 
atabla  booatarof  rrorloua  atudlaa  aad  axpo'laaoa  b#  uaad  to  pro* 
rlda  oonaorvatlra  iM'dallata  la  tha  ooatrola  aroa.  Spaolfle  aolutloaa 
to  Tohlolo  otablll^  ouat  of  oouraa  ba  aada  by  a  oloaad  fora  aaalyala 
of  tha  bardwara  ooatrol  oooponaata,  anflaa  and  rahlola  airfmaa  ohar- 
aatorlatioai  iiuob  analyaaa  ara  boyoad  tha  aeopa  of.  tbia  atudy*  Pa* 
tallad  alaah  and  atruotural  ooupllaip  otability  analyaaa  ara*  tharaforot 
Bat  iBoludad.  Whan  auoh  atudlaa  ara  aada*  thalr  aolutloa  aay'  ba  az* 
paotad  to  ba  aaaad  dua  to  tha  -atabla  alrfraaa* 


fbaada  of  oontrol  problaaa  arlainc  *•  *  fMotion  of  booatar  aiza, 
f>Ml  typOf  anclaa  typo  aad  booatar  parfozaaaoa  for  booatara  laaa 
otoblo  aoiadyaaBlaally  than  thoaa  ooaaldarod  baro  ara  proaoatad  la 
M  far  OBI  a  1S2«  ProllBlaary  rarlov  of  thla  prograB  ladleatao  tha 
OMtPal  troada  pzoaaatad  thorala  ara  applloobla  to  tho  ooaflguratloaa 
bolag  atadlad  hara  with  aqual  Talldlty* 


aa 
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IM  l«mi«  l.lTTt.T.l> 

IMl  ft— ■A.T^ 

Ifvml  tf  tto  Immr  wticbi  aod  ooM  wbiyrt—  an  •onaidarad 
Maflj  WlM*  FM  tha  aaat  pait  thaaa  ayat—  idll  net  ruj 
gmtlj  bataaatt  tha  aaafl^watieBi  aauldarad  la  thla  atudjr*  Thla 
la  pariloaXftxlj  troa  for  guldaBoa  tolMMtrjri  daatrcat  and  Uanti- 
fleatlan  prorlalaaa* 

10.2  THBUST  71CT0B  OONIBOL 

Oba  paaRlhla  aasaptlea  to  tha  abora  la  with  rafard  to  prorlalona 
for  thxuat  raetor  eontrol*  ▲  eostlaaeua  thruat  alaallgmazit  tolar- 
aaea  for  tha  angina  la  atlpulatad*  Uaa  of  gaa  Injaetlon  for 
eoatrol  mj  lapoaa  a  aarara  wai^t  paaalty  eauaad  by  gaa  flow  to 
trig  out  tha  2/2*  threat  aiaalignaant  and  to  naat  tha  avaraga 
thruat  angla  roqulrad  to  orareoaa  wind  ahaar  dlaturbaneaa*  VMnd 
ahaar  raqulrananta  wara  aatiaatad  by  axtrapolatlng  tha  raaulta 
of  a  oontlnoua  digital  flight  alanilation  of  a  1*5  nilUon  pound 
booatar  with  aoToral  control  lawa  balng  axaalnod.  Flgura  lO.l 
'  riiawa  tha  thruat  waotor  roquiraaanta  for  two  control  lawa  rapra- 
aanting  tha  graataat  and  laaat  avaraga  thruat  vaetor  angla  for  tha 
1«5  ollllon  pound  thrust  vahloloa*  fual  walght  la  aueb  a  aall 
portion  of  tha  weight  of  a  eonvontional  thrust  vactoring  ayatauf 
and  sash  a  pradoninant  portion  of  a  fluid  lajactlon  ayataa  whara 
algnlfloant  trln  la  raquirad  that  a  eonpariaon  la  aada  on  that 
hasla*  flgara  10.2  ahowa  tha  offaet  of  thrust  voetor  trln  on 
tha  walghto  of  tha  two  typos  of  qratans  far  a  2  aiUioa  poond 
aonflgniatlaiu  Tha  ohaxaotaristias  of  tha  fual  injaotlon  systan  , 
(Zgp  ■  260  soa  and  nagnifloation  faotar  •  2)  woro  by 
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AawJiNi^,  iMjif  mlin  AktM. !!«««■•  fha 

«nU  laAiMto  ttfUtm  stiAf .  is  ftfsivsi  sf  MtlMds  fsr  ebUlalae 
sssbop  ssmlvsl  lAn  fiasd  ssfiMS  SMh  m  ths  P-B  vtips  ajn  l^lTsd* 

10.)  UBfUCAL  fOMB 

Wmt  fsspossa  sf  this  stodj  s  ssamUoosl  M  rolt  00  supply  sm 
ssm14svs4«  Isttsrlss  src  s  Isflssl  sassinr  leuNSt  ehosaa  larysly  on 

f 

Iks  basis  sf  sslMMiTS  opsrstiossl  s^srisMS  sad  ths  rslstsd  ooafi- 
4nss  la  ssbisrlay  hl|k  rslisbililyf  Fsvsr  IsrsI  sad  duty  qrols  srs 
ast  s^sstsd  to  Tszy  spprsslably  with  bsostsr  thrust  la  tbs  rsafs  of 
latsasstf  so  that  souroo  wolphts  a^  bs  sensldorsd  ooastsat.  Tho 
dlstributioa  oystoa,  or  aotwork|  is  sffootod  by  booster  oisof  but 
ast  spproolsbly  by  ohoioo  of  fusl  or  oaflao  doslya.  Ths  ast  offsets 
of  Tsristloas  la  tbpust  lovol  ea  olootriesl  spstoa  wolphti  oost  sad 
Toluas  srs  showa  la  fl4uro  10.3*  Amllsblllty  sad  roXlsbllity  of 
osapoasato  sro  ast  oxpootod  to  bo  psobloast  aor  sro  they  ozpootsd  to 
vary  sicalflesntly  with  ehsayss  ,ia  tho  hoy  poraaotors  of  this  study. 

11.0  aouio  SUPPORT 

la  foaozalt  crooad  support  proTisieas  will  aet  vary  Bicalfiesatly 
with  oaylas  ohoioo  per  so  for  siailar  psopollsats  withia  tho  liaits 
of  th^  study.  Siaoo  all  vohioloo  porfora  with  tho  ssaa  soasaal 
fbas%laa«  sro  fsbriostod  to  siailar  Mafsohuriat  lauaoh  site  leos- 
tioa  sad  opsrstsd  ia  Uko  asaasr  to  thsoo  systoas  ooasidorod  la 
rsfosoaoo  15*3|  tho  oootlaf  srltoria  for  ersuad  support  used  ia 
lafsrsaoo  woro  fslliwisd  <ia  <this  stady. 
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ELECTRICAL.  SYSTEM  CHARACTERISTICS  AS 
A  FUNCTION  OF  BOOSTER  THRUST 
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pnOBOBfZOI- 

Viit  iMtlMi  fvMMtt  Ik*  — ■rttil  TCMlIa  af  Ik*  *•*!  aMljaiaf  • 

I 

ii**i**iMi  *f  Ik*  *•*!  I**halyi**»  Mid  Ik*  MaiapIlMia  aad  greaid 
Ml**  Ikllsvid  duriaf  **OBO«i<  aaaljf*!*  *f  Ik*  fkuv  T*hl*l*  aoafliv* 
nlloM  •o**li*r*d  1*  Ihl*  *lud/*  Ik  *j|lltieB  eurT*!  ar*  pr***Bl*d 
ahsvlaf  Ik*  •aliaaltd  VBri*liOB  *f  oo*t  for  ^or  rthlol*  oospoaoBti 
•for  «  firal  itef*  fokoll*  thruol  roBf*  of  *6  m  10^  Io  6*0  x  10^ 


RSm  008T8 

^igart  12*1  ahow*  aatlaatad  ooata  applioabla  to  th*  aumbar  oaa  rahiol* 
for  th*  Kadal  902*1  thru  902*4  fahlslaii.  fifura  12*2  ahowa  aatiaatad 
lolal  ayalM  eoala  inAlodlBc  RaaaasOh  and  SafOlo^Mut,  produetloa 
aad  aparatlJBf  ooata  for  aaeh  rahiola  for  produotlon  total*  of  29 1  100| 
and  400  vahiolaa*  It  ia  aaaa  that  tba  alrbona  rahiolaa  a*do\mt 
for  th*  aajor  portion  of  th*  roourriaf  ooata .  throufhout  tba  fthlola  lU) 
aad  produotioa  fniati^  apaotrua* 

flgaso  12*3  iadioataa  tha  ralatlva  ooat  parforaaaoa  for  tha  four  baaio 
fkkidlaa  aoaaidarod  la  thla  atodjr*  Thaa*  ourfaa  raflaot  th*  aatiaatad 
farforaaiwa  of  aaoh  rahiola  a*  dlaouaaad  ia  **01100  9.0  aad  tha  pra* 
41*ta4  aaBalAtif*  ap*t«a  raliahililgr  di**u***d  aaparat*!/  ia  aaetloa 
19.0, 


iif*r*B*a  I*  fi#ira  12*2  iadioataa  th*  li*d*l*  902*9  aad  9Qd*4  adfoaaad 
fkl*l**  I*  akav  4f(  aad  $ffi  raopaatifoly  1***  aaatthaa  tha  aodal  902-1 
M^U^kkMUaa  rahUl*.  *h*ll9»IOO  poMd  pairlaad  aapabUity  of  Ik* 


CONFIDENTIAL 


I  ^ 
I 

m 

'  I 


} 

IjT} 


I 


3 

a 


CONFIDENTIAL 


jnrrrvjT 

"0*2-1207* 

r«M  Tk 

If 

i§  i 
§1^  “5 
5^  <3 

~‘o^  hB 

^  CD  5 
o  Ct 

u  ^  t  IS 

tt  •  o 
lii  ui  z  2 
V5  >  0  ui 

<o  S? 


"nrETsaniE 


TUI 

iz 

Si; 


d 

Jll 

CD 

I 

if 

l/)fU 

S# 


^3 

Si 


•  « 

\i 

3 


ij 

ll 

4if 


AVERAGE  COST  Vi  LAUNCH  «-3 
SUMMARY 


-1207 


COMI^ANY 


“■^VLLNaaiJNO 


TOTAL  LAUNCHES 
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iiafU  tttft  I0t-4i  b0«mvt  IlilOO  pouaAa  .or  lM*fi  loot 
IkM  Pho  loiol  90t>S*  fbt  pro41oto4  rollaUUtj  of  tho  olaglo  otoco 
roldolo  lo  la  Ito  fotor*  All  footoro  ooaMaoA  rooulto  la  o  oaoll 
oitoalojo  to  tho  olaflo  otefo  lioAol  90a-4« 

1t.3  oon  TAIZAlZOVt 

tho  ootlaotoA  tartotioa  of  oeoto  for  ttaroo  aojer  rohiolo  ooioiorloo 
00  o  fuaotloB  of  boootor  thsuot  IotoI  (.As  10^  to  6  s  10^  pouado) 
lo  ohowa  hj  flguro  12.4.  Tho  voifht  Toriotioa  ovor  tho  ooao  thraot 
aoaco  lo  oTolttotod  la  Sootloa  6.0* 

12*3*1  dinolo  Stoop  to  Orbit  Coot  Eomlti 

Tlguro  12.5  ohowo  tho  rooulto  of  a  ooot  aaolyoio  aado  to  dotoralao 
tho  optiauB  Toluo  9f  for  tho  olaflo  otofo  to  orbit  toUbIo  (Uodol 
902^«  ■  Klaloaa  oooto  oro  obtolaod  at  T/Ho  of  1.5  to  1.4  doptadlof 
oa  tho  total  quaatlty  of  lauaehoo.  Tho  aotual  optloua  raluo  amj  bo 
iafluoaood  by  tho  doolrablllty  of  aaklnf  thlo  vohlelo  capablo  of 
aloo  oporatlag  with  uppor  otofoo  to  aohlovo  roroatlllty.  Tho  study 
ochodulo  did  not  allow  thlo  pooalblUty  to  bo  analyztd  In  dotail. 

12.4  OOSTIVO  OBOOn  RDLB3  ABS  TZCKBZQOB 

thlo  oootloa  prooonta  tho  ooot  oatlaatiag  aad  ooot  analyola  Mthodology 
utlUaod  durlaf  tho  study. 


12.4.1  TtTI 

Syotoa  ooot  data  proooatod  la  thlo  doouaoBt  woro  fouadod  oa  paroaotrlo 
balaoo  takoa  froa  Tho  Boolaf  Ooapaay  rolatod  ooatraet  oxpaoloaoo  aad 

SotoAlod  ootlaatoo.  tho  abooaoo  of  dotail  dool«a  data  prooludod  tho 
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It ■»•■■■  Tlhltlt  ftnwWMI  PMAmUMI  Mtta  WN  «slfl| 

'wmbn  mm  ud,%  tMt  pw  ptrawten  fw  .tta*  «itMi  lltiad  ■>  ilw 
ivilM  ■tatouBto*  Am  Boalpi  Ooipinar  nm  fnaim  mi« 

ptniitil  it  Mivabt  M«lf*  This  ftwilt  im  Atflasd  m  fellsMi 

MLA  mimm  •  dImn  a  ’■  H  oalt  rtluCf 

s  ■  wli  biiA«v« 

B  ■  alap*  oonatant  ■ 

OtaoLitiT*  valtM*  equal  the  Koautloa  of  the  unit  Taluca. 

The  eectlac  of  baae  faellltieo  and  ground  equlpeuat  waa  perfozned  bjr 
Istarpelatlng  from  knoim  ooate* 

fha  operating  eoata  were  eoaputed  aa  a  function  of  propellant  veighti 
lauaoh  eoheduloi  nanpower  and  aparaa  provielonlng  requlreaaRta.  The 
eoata  wore  eatlMted  bgr  an  oxaalnatlon  of  eaoh  of  theae  auboategorlea 
and  an  jUialjale  of  the  aaaoelated  eoata  auoh  aai  coat  pdr  pound  of 
propellantf  arerage  annual  aalariaa,  annual  aparea  raqulroBanta,  and 
■alnteaanoe  and  repair  aa  a  pareentage  factor  to  the  total  faellltiea 
eelae* 


BMUNOf  UD  OmLOPKEHr  PBQQRAN 

fetal  UD  eoata  vere  oeapoaed  of  eiiginaering»  derelopaant,  and  teat 
tf  the  alxbeme  rohiele  and  graund  asreteut  and  alae  ineluded  R&D 
tael  lag  and  fUgiit  ta*t  progran*  fhia  progran  aaauaaa  no  najor  atate- 
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Igtrttr  >■—> iit«d  vith  tht  •litariM  ijitM  laolodaf  tha 

•Mia  afi  alraalMtl  •aapanantaa  mMh  m  intaratai*  and  taakic**  •Bd 
■lAajvtMa  fiilpaanti  aaoh  m  •Moaduy  povar^  •entr«lt»  mad  prtitorl* 
wUn  •QttifMBt*  bgljM  daralopaMt  Mata  vara  takaa  fvm  lafewMf 
tlaa  ftnlahad  la  ebart  fern  bj  Aaro jat^aaaral  Corporatloiu 

diBaai  ayatMa  dar^^apsaat  OMta  iiaz«  ooapeaad  of  tha  aatlaatad  daalga 
•ad  avalaatloa  affort  for  baxfaa«  traaaportarai  allngaf  launch  cobh* 
pilBaaa«  ahaekout  and  laozMh  aquljpmBt«  aaaaabljr  and  taat  aqulpnaobf 
paapaUant  atonga  and  loading  faelUtlaa^  and  uilUtlaa* 

tha  aatlaatad  aonatruotlon  and  produotlon  eosta  for  major  sagnenta  of 
tha  ground  ajotm,  aueh  aa  taat  baaa  faellitlaa  and  tranaportatlon 
and  ttaiMiUng  aqulpnant,  wara  baaad  on  tha  aasm^tlon  that  tha  taat 
haaa  vould  ba  locatad  within  an  axlating  Air  forea  Baaa  eenplaz* 
Mawararj  all  launeh  faelUtiaa  and  aqulpaiaat  wara  aaauaad  to  ba 
■^girtfiaawtTy  dlffarant  la  capacity  and  daalgn  than  asdaliing  taat 
Bltatf  tbaraby  requiring  proeuranant  of  ground  aystaaw  unique  to  the 
ayatan  awaluatad* 

latlaatad  ooata  for  prorlding  a  baalo  aat  of  contract  topla  to  ba 
vtUlaad  la  tha  fabrleatlon  and  aaaanbly  of  taat  Tahlelaa  and  Halted 
qaaatlaa  of  foUowMoa  produotlon  ▼ahlclao  wara  Included  In  RAO 
•••ta*  Thaoa  aoata  aaaoelatod  with  further  duplication  of  toola  to 
Matain  a  high  lata  of  produetian  worn  laeludad  la  tha  follow  an 
pwduatiaa  oaata  m  vara  all  laanrrlBg  tool  aalndananaa  and  rapalr 
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t)  iiiiHilt  lk»  tydwlagfc.  f,  fwart  na  ■ii^nni 

ftatto  Mli 

im\aM  wlth  tht  gW  tM»  niiM 

tut  ipnitlMM  Miaftllm  af  taat  dita  aamdii  4ata  aata1a1ttaa» 
tM|a  aatfa*  ffapaUaata#  BM11t1aa»  taat  aita  MlaUoaaaa*  taat 
aahirta  apaiaaf  ato*«  aasa  1nelwlad» 

RILOII-Ql  nODOOtlOl  COST 

la  aaaayala  af  wiiarfim  parodaetiaa  atf ori  vaa  aada  to  doriaa  tha  oosto 
alitonM  vahialta«  tooUai;*  epoaatlai  baao  fMllltlao  aad  oqulfBontf 
aad  tialaloc  af  baaa  opomtlj^  porooBBol*  lailao  eoota  voM  Mcxagotod 
la  aoeonlBBoa  with  tho  toau  af  tho  ooatxaot* 

lAitomo  Tohielo 

fMiBotloB  oooto  for  tho  alrboxno  Tohlelo  onibor  «m  voza  hoood  oo 
paiaaotoia  dorolopod  bgr  tho  Boolog  GoapoBgr  yloliiljQg  eoot  par  pound 
for  itaaa  liatod  oa  tho  valfht  otatoaHit* 

ProduetloB  oaglao  oooto  voro  tokon  froa  inf ozaotlon  ftumljbod  bgr 
Aorojot  Oooorol  Cozpozmtion*  la  onlor  to  uoo  thooo  ehorto  for  all 
Otago  OBglBoOf  Toouiai  thruot  aao  oonrortod  to  ooa  IotoI  thxuot  par 
dlroatloo  af  aa  AaroJat4aaaral  rapraaaatatlro« 

Alxtoiaa  Tohlelo  produetioa  oooto  Inoladod  produetion  tooling  far 
aagiaoa  dorlaod  froa  iafonatloa  famlahad  In  graph  font  bj  Aarojat- 
OoBOtml  Coiporatioa*  Ibo  balanoa  of  tho  Tohlolo  tooling  oooto  InfWtd 
aatiaatod  oooto  for  labor  aad  aatorlala  to  fabrlaata  duplioato  toola 
aad  ta  oaotala  poadaotloa  toala* 
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ZRIR 

llaa*  rtliabiUty  oharMtcrlatios  art  a  fi  Mtlea  of  apoolflo  harlwara. 
aat  utaj  of  tbo  aubojatoaa  oosprlaiaf  thoao  Tohioloa  ara  otill  in  tha 
ooaoopt  Otago I  tho  rollabllity  miaboro  ohown  boro  ahould  bo  ooaoidorod 
aa  ooapazatlTO  froa  Tohiolo  to  vohlolo  rathor  than  aa  iadieatitif 
abooluto  lorola  of  rollabllity. 

13.2  800PI 

tho  aaalyala  proaoatod  boloo  la  eooeomod  prlaarlly  with  tho  v.oaparl» 
aoa  of  tho  four  rohleloo  atudlod  in  tha  rogiao  botwoon  lift-off  and 
final  otogo  bum-out.  If  tho  rohlela  otanda  In  tho  roady  eohdltlon 
for  aubatantlal  longtba  of  tiaoy  thoao  oompononta  In  aetlro  aorrloof 
ouoh  aa  gaa  proaauro  rogulator,  which  cannot  bo  chookod  out  iontodl- 
atoly  prior  to  lift-off  auat  bo  oonaldorod  to  bo  opormtlng  for  tho 
roady  tlao.  Zf  tho  Itoa  can  bo  chookod  out  and  prorod  to  bo  opormtlng 
laodiatoly  prior  to  lift-off  it  la  aaouaod  that  Ito  llkollhood  of 
fallura  la  no  dlfforont  for  aubooquont  tlao  Intorrala  thao  it  waa 
for  tha  prorloua  intorrala  of  tho  aaow  longth. 

15.3  8ZOIZPICAR  FACTOB3 

tha  rarlatlon  la  opormtlng  tlao  froa  rohlolo  to  rohlclo  appoara  to 
haro  tha  groatoat  offoct  oa  rollabllity.  fort  eoaoa  tbo  dlfforoneo 
ba^Moa  liquid  hydrogoa  and  0-1  fUalo,  tho  lattor  bolng  looa  aotlro* 
oaalor  to  haadlOf  thua  loaa  Ukaly  to  oauao  a  hardwaro  fallura.  Tho 
difforoaooa  la  oaglaoo  affoat  ttalo  araluatloa  oa  tbo  ordar  of  4](. 


_ COMflDENTIAL _ 

IlfM*  1S»1  ahoM  •  Mli*blllt7  foapwiaott  of  bho  oahioloa  aUoh 

•  •  ,  * 

tafiaaboa  o  ioflalto  oAvaatofo  for  ttao  lodol  901-4/  llaflo  Stofo  to  ■ 
OaMt*  fhU  U  tko  roottlt  of  tho  ahortor  oporotlac  tlao  oad  crootor 
ilipUaltF  oppliooblo  to  tho  olaflo  atofo  roliiolo. 

19.4  mzAizurr  oaown 

fifuao  19.S  aboM  tho  pxodletod  laoroooo  la  roUobilitj  with  ouoooooiro 
looMhoo.  fho  two  top  ourroo  roproooat  tho  "laatoatoaoouo  roliobllltf" 
or  probability  of  oayoao  rohlolo  porfozalaa  oatlofaotorllir.  Tho  two 
lowor  ouxToo  xwproaoat  tho  "ouailatlro  roliablllty”  or  a  aoaouro  of 
auooooo  of  aay  total  nuabor  of  lauaohiaao.  Tho  oxiaulatlro  rollablllty 

0. 

fozao  tho  baolo  for  doTolopmoat  of  prodlotod  oyotoa  eoot  porfomaaoo. 
Tho  lahoroat  hlphor  rollablllty  of  tho  ola/lo  otapo  Tohlolo  aotod 
prowlouoly  lo  orldoat  ovor  tho  total  lauaoh  opoetiua* 

19.9  ASSUMPTIONS 

1.  falluroo  of  ouboyotooo  and  eoapononto  aro  oxponontlally 
dlotrlbutod. 

2.  Stacoo  of  tho  Torlouo  roblcloo  aro  olallar  onoufb  to  warraat' 
voiag  oao  falluro  rato  (odjustod  for  propollanto  uaod)  with 
approprlato  tlao  of  oporation  for  all  ata^oo. 

9«  Tho  ooBToatlonal  ball  nosslo  onflno  with  (labal  thruot 
oaotorlag  and  tho  forood  doflootlon  on^lno  with  throttlad 
faa  thruot  Toetorlac  ara  of  oqual  ooaplozlty  wlthia  tho  pro- 
ooat  Uaita  of  oaaluatloa. 
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U.0  UMWVBICKAL  AWAJQgglfli 

ZRMBUOROi 

9m  nmw  ^  MotlM  !•  fMlitetlvtljr  fivMBt  moooT»«tlo—l 
%>orttr  Moatpto  to  «hl«li  tte  inliMtlM  of  tho  oaooBfoattoooI  od- 
glBOO  My  te  portimlorty  odtoatofoeuA.  Ihlo  !■  offOrod  prlMrily  m 
M  old  la  oiroluatioB  tad  oheloo  of  ooaflguratioaa  for  forthor 

oti4y. 

U.t  mjmxi 

ProTldod  aa  obcIm  of  adoquato  porfOraaaeo,  tho  prlaelpoL  opportualtgr 
for  OftlaisotloB  of  a  hooatar  ayotaa  lias  la  tho  arraacawBt  of  tha 
propallant  prorloioiis  vlth  raapaet  to  othar  daalfa  raqulrtMata.  Xa* 
aludad  la  propallaat  provlsloao  ora  taakofa,  praaaurlaatloa,  and 
iaduotloa  ayataaa.  Of  thaaa,  tankoM  la  by  far  tha  aost  •IfilfleaBt 
Itoa.  for  ooBvaotioaal  i^plleatloao,  tha  faalllar  taadaa  eylladar, 
rolatlraly  slaater  arraactaaota  of  Modala  902>lf  •2,  *3  aad  >4  fulfills 
aoot  ooaproaiaa  rtfuiraasats.  loMaaar,  froa  a  eoataiaar  staadpoiat 
aioiaiw  aurfaoa  io  aehiaaad  by  spharical  tankofa.  Oaa  such  arraaKa" 
aaat  ia  ropraaaatad  by  Nodals  902>3A,  aa  ahoini  ia  fl<  14.1.  Proa  tha 
staadpoiat  of  stability  duriac  boost,  tha  tankapa  ia  boat  towed  as 
ia  tha  orifiaal  Ooddard  aodala  aad  iUuatratad  by  Nodal  902>5B  io 
ftp  14.2.  Oa  a  taadaa  taakaga  wahiela,  iatarstopa  atruetura  aad  oaa 
took  aad  aipht  bo  aliaiaatad  by  iMoraiag  tha  aaeood  stapa  aagiaa  ia 
«ho  first  otapa  taak  as  showa  oa  Nodal  902-3C,  fip  14.3* 
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14.1  OMt. 

fkM*  rtpntmt  ■0— what  idMliitlo  apparoMhaa  ta  tha 

■tMilwih  PMhlaa.  Xt  la  raaaffiiad  that  prarlaua  atudlaa  aa  alallar 
•majaMata  hawa  vawaalad  aadaaizahla  aharaatariatlaa*  HewaTtrt 
haaaaaa  af  tha  pataatial  falaa»  it  la  baliavad  that  furthar  vark  ia 
tha  araaa  aapraaaatad  hp  Modala  902«$i(  -JB  and  -9C  la  juatifiad  aad 
ahaold  ha  aadartakaa  bafara  a  flaal  raooaaandation  la  aada. 


Xa  addltlaa  ta  tha  uaaoBTaatloaal  Modal  902-9  arrangaBaata  akatohadi 
athar  Tarlad  aoaaapta  wara  azaaiaad,  iaoludlag  aoaa  auggaatad  bp  tha 
Aarejat-Oaaaral  Corporatioa  at  tha  oaaat  of  thia  atudy.  Tha  aera 
partlaant  of  the  lattar  ara  briaflp  oonaantad  oa  in  tha  paragrapha 
fallawlag  tha  Modal  902-5  aarlaa  dasorlptiona.  lo  araluatlon  haa  baaa 
aada  af  tha  lifting  hodp  rahiolaa  or  air  braathing  angina  applleationa 
aaggaatad  baeauaa  of  tiaa  liaitation* 

14.9  MOPgL  902-5A 

Ihia  ia  a  aingla  ataga  rahiola  anploping  tha  Toluaatrlc  crltarla  of 
aodal  902-4.  Saa  fig.  l4.1.  Spharioal  tankaga  haa  baan  uaad  in  an  | 
affort  to  raduoa  tankaga  waigbt.  It  will  ba  notad  that  vehicla  length  | 
la  alao  raduoad.  It  ia  raoogniaad  that,  whila  axoallant  aa  praaaura 
▼aaaala.  tha  apharloal  tanka  will  praaant  aupport  problaaa  dua  to  aaaa 
affaeta  of  propallaat  aad  atruotura  vhaa  aubjaotad  to  acoalarationa. 
Pral&Klnarp  work  indioataa  that  a  atruetural  apstaa  night  ba  dariaad 
vhiah  aould  raault  ia  a  aigalfioaat  walght  aaring.  Aa  ia  poaaibla  ia 
athar  applloatioaa  of  tha  F-D  aaglaa,  advaataga  la  takaa  of  tha  poaal- 
billtp  af  allawlag  tha  grouad  aupport  atruotura  to  artaad  through  tha 
air  Toat  porta  af  tha  aaglaa  aad  aagaga  tha  throat  atruotura.  tharabp 
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Shis  sshlol*  Is  srrsnid  vlth  ssctMs  fwvssd  ss  shoim  in  fif .  Ih.a. 
Shs  soassft  «M  ttssd  hgr  Ooddsid  la  his  ssrly  aodsls  asd  ■IbIsIssb 
stsblll^  sad  ooatioL  prohlsas.  0aA  oeaflfuntloDS  Isrptljr  sllalasts 
Shs  assd  tor  ta  slstorsts  fsatrp,  siaos  ttas  taakafi  esa  sxtsad  bslow 
tha  sarfapa  af  tha  iauaeh  araa  vlthsut  tbs  rap;uirsaaBt  for  axhaust 
dlspeaal  as  la  epavaatioaal  tgrpas.  Itaa  eeafifuratioa  ahovn  baa  a 
twa  dlaaaaiaaal  plus  aotala  aasiaa  aouatad  la  tbs  trailias  adsa  of 
aaeb  of  tbs  ezuelfoxa  arraastd  wlasa  of  a  ra-satry  vablela.  Light 
Wight  taakagi  la  aasurad  alaoa  all  aMbara  art  priaarlly  la  taasloa 
aad  stabUlasd  by  taak  prassura.  Tba  dstalla  of  propallaat  dalivary 
aad  aaglas  aabaust  laplngaaaat  aust  ba  verkad  out  and  trada  atudlaa 
aads  bafora  tbs  adTantagas  eaa  ba  eoaflsvad.  It  vlU  ba  raeognltad 
that  othar  snglaas  aay  alao  ba  aaplograd  oa  tractor  eonflguratlona. 


ooafigaratloa  sbowa  la  fig  lb.3  rapraasata  a  two  ataga  taadaa 


•gaakagi”  whlels  with  tbs  aaooad  ataga  aaglBa  Iwaraad  la  tbs  flrat 
ataga  taak.  Oils  asssatially  oUalaatss  oas  task  bsad  aad  tbs  usual 


iadarstaga  struetura. 


tbs  rasialtiag  lavartsd 


haad  vlU 


BSt  bs  as  sffialsat  atrustiurully  aad  will 


uauaabla  propallaats. 


that  this  Bgp  roach  is  partioulailg  suitad  fa  fiaad 
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U.9  0««. 

iMtalUtlMf  hMrtat  «  Irt—  rfaiwirt  ftr  aiahMliM.  Nil 
•tlMlip  tf  thla  MaMft  MfliMt  HWt  MCIM  OMHMitt  ta  l»- 
wfftmlaA  iato  ite  mmbI  aWp  iMk  Nttai.  Ntitlvv  alMt  offs 
vmIA  to  Tttilwi  fto  stogi  yNpallaBt  eoatral.  to^ilepMBtal 
voik  vMiId  to  nf^tixvd  to  Mooaetoto  tot  tirlrwMBi  oraattol  tgr 
iaiiaato  Matoot  of  oagla*  aaA  oooooaoqr  oetoflatato  vlth  tto  propoUaoto 
la  oiior  to  fturttor  loduoo  loagthf .  tto  ftnt  atogi  aagiat  eould  lito* 
vlao  to  iaootporatod  la  tto  took  toltoa  oa  ahewa.  Xt  la  aatleipatad 
that  yrofallaat  dalloaxy  to  oaglaa  aagr  to  aoaavhat  soivlleatod  hjr  tola 
amagMaat  too  to  latoraal  ooaaootlea  rofulraBaata. 

U.6  iOG  uKommcHAL  ecKim 

1%.6.1  Itaortard  YahlelOr  Nod.  I  (lo  Oltoal#  toniat  toetov  eoatrol  to 
aoooadazx  lajoetioa) 

tofhr  to  Stotoh  Tig  lk,h,  to  Aiaouaaod  la  toetloo  10.2,  It  oppoara 
toot,  toeouM  of  eeatlauoua  tooaad  to  eorraet  vthieuUr  thniat  oLlgh- 
aaat  dlaexopoaoios,  aacoodary  lajaetldo  for  toxuat  vector  control 
voald  logalxo  aaalytU  for  oaoh  applloatloB  la  order  to  aataUiah 
doolraMlltgr  froa  a  propoliaat  ’rafaironaat  ataadpolat. 


lh.6.t 


Mi«cie*aM 


•taadart  tohlela,  Nad.  IX  (toak  ootodiod  oaglaa,  thruat  aootor  ooatrol 
to  oaoaatoiy  lajoetloa) 

9mm  ooaaaat  ao  fOr  Nad.  X  okaoa,  Xa  addlttoa,  ol#afloaBt  laaoaaai 
to  fllraatoiol  ool^  xogaliod  to  otoklltoo  tto  tooartad  t«di  onto, 

«r  tolHaik  wlgto  oanriaga  toa  to  otoga  toartaatag  aakioto*  to  tola 
tooito  goo  Madol  fOtoXt  fW^agH 
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HmUH.  tkhloU  Had.  tX  (MteffiA  tad  aUm  Mflm  is  tint  ataca 

fM.  mmanu  m  NoteX  9Q8-S0,  pwMnvh  14.5. 

Haadaid  1<ahl«la  Noda.  tXl  aad  YXS  (duatarad  teeatar  uaita) 
fhaaa  vara  aat  aoaaldarad  la  ordar  to  oeBoaatrata  tba  llaltad  tiaa 
avallaUa  oa  avpiloatioaa  fbr  tte  taale  F*D  aaslaa  eoaoapt.  Bafar  to 
14.5  far  ooaooftoal  atotehao. 


UaeoevaBtlooal  laakafa 

BafOr  to  fl«  14.6.  For  toroidal,  eluatarad  apterleal,  eluatarad 
aFllBdrloal,  aphorloal  aad  dlak  taalrafa  ooaflfuratloo  ooneapta  hart 
la  oaaaoB  tha  atructaral  protlaa  of  anglaa  thniat  tranafar  to  tha 
yrepaliaat  cooialaad.  Dlatrltatloa  of  tte  thrust  load  bjr  a  aultl- 
pUeltgr  of  aaglaaa  raodaro  tte  oootrol  prohlaa  critical  as  vail  aad 
l^oaas  further  stiuotural  paaaltiaa  If  aaflaa  out  eeaditioas  art 
aaaoldorod.  Xt  vas  ooaaldarad  tejroad  tte  aeopa  of  this  atudy  to 
lavaatlaata  .tteao  araao  sufflolaatly  to  pamlt  valid  coaelusloos  to 
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